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BACKGROUND: The shore between Ocean City Inlet, Maryland and Cape Henlopen, Delaware is a
burgeoning recreational area that experiences chronic shoreline erosion and retreat. In order to maintain
the economic viability of the region and to limit losses to physical processes various governmental
agencies, local, state, and federal, have taken actions to stabilize the shoreline. Paramount among these
is beach nourishment. Increasingly the sand used in the nourishment projects is likely to be taken from
beneath federal waters. Over the next two decades, the demand for sand from the continental shelf
offshore of Maryland and Delaware could be on the order of ten to twenty millions of cubic meters.
Consequently the U.S. Department of the Interior, Minerals Management Service initiated the
Environmental Survey of Potential Sand Resource Sites Offshore Delaware and Maryland in order to
assess potential physical and biological environmental consequences of mining sand.

OBJECTIVES: To examine the present conditions of transitory vertebrate nekton including fishes, sea
turtles, and marine mammals, of reproductive finfish and icthyoplankton, benthic fauna and infauna, of
physical oceanographic phenomena such as waves, currents, and storm surge, and of shoreline stability;
to develop interpretations of how offshore sand mining might affect those conditions; and, where
reasonable, to issue recommendations as to how potential adverse consequences of sand mining could be
minimized.

DESCRIPTION: The study area includes the inner continental shelf generally out to approximately the 20
m isobath and shore of the region between Cape Henlopen, Delaware and Ocean City Inlet, Maryland. The
study was conducted and is presented in five parts: 1) benthic habitat mapping and resource evaluation of
potential sand mining areas, 2) a review of transitory species of fishes, sea turtles, and marine mammals



that visit the study area, 3) a review of reproductive finfish and icthyoplankton that utilize the area, 4) a
study of the potential modifications to waves due to dredging and other oceanographic considerations, and
5) an analysis of the long term trends and short term variability of the Maryland-Delaware shoreline. Part 1
required a substantial field effort including two cruises with collection and subsequent analysis of myriad
samples and photographic or similar images of the bottom. Parts 2 and 3 primarily were reviews of the
appropriate literature. Part 4 involved acquisition and analysis of historical wave and current information,
reformatting of existing bathymetric data, and substantial computer modeling and analysis. Part5 is a
synthesis and interpretation of a varied suite of generally unpublished data.

SIGNIFICANT CONCLUSIONS: Although there are potentially adverse consequences to sand mining in
the offshore regions of Delaware and Maryland, they likely are not substantial and actions can be taken to
eliminate or minimize them. Obviously dredging the bottom destroys all the organisms that had lived within
the dredged area, but the best sands for beach nourishment have a comparatively low resource value. The
benthic fauna of those areas are likely to recolonize fairly rapidly especially if small “islands” are left
untouched within the otherwise dredged area. Care should be taken to minimize disturbance of the
substrate between the shoals that will be the targets for dredging. The very small size of the areas likely
to be dredged relative to the large geographic ranges of transitory fishes indicates that sand mining would
have very little impact on the fish populations. The species occurrence of fishes in spawning, egg, and
larvae stages is least from October through March and peak in the late spring and summer. The potential
threat to sea turtles can be avoided by mining from mid-November to mid-April when these sub-tropical
animals are absent from the area. Sand mining poses no foreseeable threat to the migratory and highly
mobile marine mammals. Analysis of existing wave conditions demonstrates that modern shoreline
stability is related to areas of concentration and dispersion of wave energy near the zone of breaking
waves. The relatively stable area around the Maryland-Delaware border is one of relatively low waves
whereas the various erosional “hot spots,” especially along Fenwick Island, appear coincident with zones
of wave energy concentration. Wave transformation modeling indicates that removal of 108 m? of sand
from the top of Fenwick and Isle of Wight Shoals will result in very small changes from present conditions.
Removal of 10’ m® might cause more noticeable changes in the regions between the dredged areas and
the shore. Modeling also predicts that dredging will have an extremely small impact on ambient tidal
currents and potential storm surges. The Maryland-Delaware shore is experiencing increasing pressure
from expanding recreational and residential uses and the associated commercial developments. The form
of the shoreline results from interactions amongst the local geology and stratigraphy, the history of
Holocene sea-level rise, and the contemporary wave climate. Although rising sea level drives a general
marine transgression/shoreline retreat through the area, the rate of retreat and apparent local stability vary
along the shore. Shoreline engineering, most noticeably sand bypassing at Indian River Inlet and repetitive
beach nourishment at several sites, has been employed to control shoreline retreat and enhance the
recreational value and use of the beach. The cumulative impact of the many beach nourishment projects
that already have been performed appears to be more beneficial than any individual project.

STUDY RESULTS: See Significant Conclusions, above.

STUDY PRODUCTS: Virginia Institute of Marine Science, 2000. Environmental Survey of Potential Sand
Resource Sites Offshore Delaware and Maryland. Final Report to the U.S. Department of the Interior,
Minerals Management Service, International Activities and Marine Minerals Division, Herndon, VA.
Contract No. 1435-01-97-CT-30853. Printed Copy and CD.
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The Department of the Interior

Asthe Nations's principal conservation agency, the Department of the Interior
has responsibility for most of our nationally owned public lands and natural
resources. Thisincludes fostering sound use of our land and water resources,
protecting our fish, wildlife, and biological diversity, preserving the
environmental and cultural values of our national parks and historic places; and
providing for the enjoyment of life through outdoor recreation. The Department
assesses our energy and mineral resources and works to ensure that their
development is in the best interests of all our people by encouraging stewardship
and citizen participation in their care. The Department also has a major
responsibility for American Indian reservation communities and for people who
livein island territories under U.S. Administration.

The Minerals Management Service Mission

As abureau of the Department of the Interior, the Minerals Management
Service's (MMS) primary responsibilities are to manage the mineral resources
located on the Nations's Outer Continental Shelf (OCS), collect revenue from the
Federal OCS and onshore federal and Indian lands, and distribute those revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals
Management Program administers the OCS competitive leasing program and
oversees the safe and environmentally sound exploration and production of our
Nation’s offshore natural gas, oil and other mineral resources. The MMS Royalty
Management Program meets its responsibilities by entrusting the efficient, timely
and accurate collection and distribution of revenue from mineral leasing and
production due to Indian tribes and allottees, States and the U. S. Treasury

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1)
being responsive to the public’s concerns and interests by maintaining a dialog with all
potentially affected parties and (2) carrying out its programs with an emphasis on working to
enhance the quality of life for all Americans by lending MM S assistance and expertise to
economic development and environmental protection.
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BACKGROUND

The shore between Ocean City Inlet, Maryland and Cape Henlopen, Delaware is a burgeoning
recregtional areathat experiences chronic shoreline erosion and retregt. In order to maintain the
economic viability of the region and to limit losses to physical processes, various governmental
agencies, locd, ate, and federd, have taken actions to stabilize the shoreline. Paramount among these
is beach nourishment. Increasingly the sand used in the nourishment projectsis likely to be taken from
benesth federa waters, i.e. from more than 3 nautica miles offshore. Over the next two decades, the
demand for sand from the continental shelf offshore of Maryland and Delaware could be on the order
of ten to twenty millions of cubic meters. Consequently the U.S. Department of the Interior, Mineras
Management Service initiated the Environmenta Survey of Potential Sand Resource Sites Offshore
Deawvare and Maryland in order to assess potentid physical and biologica environmental
consequences of mining sand. Three shods, Fenwick, Weaver, and Ide of Wight, roughly 5 km
offshore are congdered likdly sghts for future sand mining.

OBJECTIVES

To examine the present conditions of trangitory vertebrate nekton including fishes, seaturtles,
and marine mammals, of reproductive finfish and icthyoplankton, benthic faunaand infauna, of physca
oceanographic phenomena such as waves, currents, and sorm surge, and of shordline stability; to
develop interpretations of how offshore sand mining might affect those conditions; and, where
reasonable, to issue recommendations as to how potential adverse consequences of sand mining could

be minimized.

DESCRIPTION

The study areaincludes the inner continental shelf generdly out to approximately the 20 m
isobath and shore of the region between Cape Henlopen, Delaware and Ocean City Inlet, Maryland.
The study was conducted and is presented in five parts: 1) benthic habitat mapping and resource
evauation of potentia sand mining areas, 2) areview of trangtory species of fishes, seaturtles, and



marine mammals that vist the sudy area, 3) areview of reproductive finfish and icthyoplankton that
utilize the area, 4) a study of the potentia modifications to waves due to dredging and other
oceanographic consderations, and 5) an andysis of the long term trends and short term variability of
the Maryland-Delaware shoreline. Part 1 required a subgtantid field effort including two cruises with
collection and subsequent andysis of myriad samples and photographic or smilar images of the bottom.
Parts 2 and 3 primarily were reviews of the appropriate literature. Part 4 involved acquisition and
andyss of historica wave and current information, reformatting of existing bathymetric data, and
subgtantia computer modeling and andlysis. Part 5 isasynthesis and interpretation of avaried suite of
generdly unpublished data.

Part 1 presents an assessment of the existing community structures, patia distributions,
substrate dependencies, productivity, and trophic linkages in order to anticipate the consequences of
sandmining upon the biological resources of the area. These subjects should be considered with
respect to the scales and magnitudes of normal environmenta stressors and the potential for

interference with these dynamics.

The primary data on which to base this set of studies were obtained during the course of a
research cruise in 1998 and a second cruise in 1999. Instruments used on either or both cruisesinclued
astandard “Young” grab with a0.044 n¥ surface area for sediment samples, a Hulcher modd Minnie
Sediment profile camera (SP1), a standard bottom imaging sed which carried video cameras and water
quaity sensors, a Burrow-Cutter-Diaz Plowing Sediment Profile Camera System, a 600kHz high
resolution side-scan sonar, and a2.4 m (8 ft) beam trawl to collect juvenile fish, epibenthos, and
macrobenthos. 1n addition to anayses of the samples and images, the data were coded for display ina
Geographic Information System (GIS).

Cdculated indices reflect that the quality of the benthic habitats is relatively low on the shods
and rdaively high in the valeys between the shodss, dthough the didtribution of microhabitats is more
complex than suggested by that Smple atement. Biologica associations with individua microhabitets
are functions of substrate (primarily grain Sze digtribution) and energy regime. The characteristics of



specific areas may vary through time in response to physical changesin the shods. Thus anthropogenic
modification of the shoas, as would result from sand mining, would dter the benthic habitats. Also the
season(s) in which sand mining took place would affect recolonization as function of the life history
gtage of the benthic organisms. Recruitment of larvae and juvenile stages of animas likely would be
better in spring-summer while recruitment of adults likely would be regulated by factors that affect
passive trangport, such as sorms.

In order to ensure that the biologica assemblage that recolonizes amined arearesembles that
prior to mining, it would be beneficid to avoid totd stripping of the surface. By leaving smdl “idands”
or refuge patches, within the sand mining area, local resident species would more easily be able to
recolonize the near by disturbed sections resulting in a post-mining assemblage that should be generdly

like the earlier condition.

The dteration and recovery of a benthic biologica community from a disturbance such as sand
mining likely will be dependent upon waves, currents, and bottom stresses in the period subsequent to
mining. Therefore the consequences of sand mining could be substantidly different if along period of
cadm or amgor storm followed the dredging.

Parts 2 and 3 should be considered together as they address the mgjor biota of the water of
the study area. The work must be taken in the context of the rdatively very smal sze of the potentid
mining area as compared to the inner continenta shelf offshore of Maryland and Delaware and as
compared to the inner continental shelf of the entire mid-Atlantic region. There are three broad groups
of vertebrate animas that are to be expected in the area: fishes, seaturtles, and marine mammals.
Because of the substantial seasond variation in water temperature, most of the fishesand dl of the sea
turtles and marine mammals migrate with the seasons. Warm-temperature, sub-tropical species are

present in the summer and boreal species during the winter.

Theareaisused by awide variety of fishes, many of which are vauable to either or both the

commercia or recregtiona fisheries. Sea herring and Atlantiac mackerel, among others, are common



during the winter while croaker, drum, sea trout, menhaden, and large coastal sharks are summer
resdents. The areais an important migration corridor for striped bass and bluefish. But, as noted
above, the rdatively limited sze of potentia dredging operations compared to the very large geographic
ranges and populations of the fishes suggests that sand mining would have little effect on the fish
populations.

The condderation of spatia scae dso should hold true for the spawning, egg, and larvd fishes
within the area. These conditions peek in terms of number of species during the summer months and

fdl to alow during the winter.

Of the saverd species of sea turtles which use the mid-Atlantic Bight, the loggerhead and
Kemp'sridley are vulnerable to entrgpment by hopper dredges. The Kemp'sridley isthe most
endangered of the sea turtles and is the second most abundant seaturtle in the mid-Atlantic during the
summer. Asdl seaturtles are consdered threatened or endangered, the Nationd Marine Fisheries

Service (NMFS) takes an active role in the regulation of dredging activities.,

The marine mamma's that migrate through the area include boredl harbor porpoise, bottlenose
dolphin, juvenile humpback whaes, and right whaes. Although the right whae which is vulnerable to
collison with moving ships, dl of the marine mammals are highly mobile and migratory and easily can
avoid dredges.

Part 4 both analyzes a set of existing physica oceanographic aspects and models how
conditions might change following sand mining. The work addressed changes in waves, sorm surge,
tidal currents, and bottom stress resulting from dredging on Fenwick and Ide of Wight Shoas. The
wave anadyses considered two dredging scenarios: mining of gpproximately 2 x 10° m? (two million
cubic meters) from each shoa and atotal remova of 20 x 10° m® (twenty million cubic meters). The
model was run using an unmodified bathymetry to establish base conditions then run again usng a post-
dredging bathymetric scenario.



For driving conditions and cdibration, the study uses wave data from an wave buoy located
about 40 km offshore of Ocean City maintained by the National Data Buoy Center and from two
nearshore stations maintained by the U.S. Army Corps of Engineers. During 13 years of observations
at the offshore station, the maximum significant wave was 7.6 m with aperiod of 16.7 s which occurred
during a January storm, or northeaster, and not during a hurricane. Review of the dataresulted in
selection of 60 waves from among four wave heights (2, 4, 6, and 8m), five perioids (10, 12, 14, 16,
and 20s) from seven generd directions (NNE, NE, ENE, E, ESE, SE, and SSE). Because short
period waves (less than 10s) do not affect the shoa's, they were not considered even though they have
ardatively high frequency of occurrence. The bathymetry input to the modd was taken from NOAA

SOurces.

The REF/DIF-1 wave transformation model was selected over severa other models following
a comparison of the different modd’ s strengths and weaknesses. The wave modd was cdibrated by
comparing conditions synoptically observed at the offshore and inshore wave stations with calculated or
modeled data for the inshore stations using the observed offshore data as input. The variable mode
parameter estimating bottom friction was adjusted so that the modd’ s output most closely resembled

the observed conditions.

In addition to providing base-line information, running the wave transformation mode with a
unmodified bathymetric input provided an ability to compare the present didtribution of wave energy
with the condition of the shordline. In generd the rdatively stable region of the shordine around the
Maryland-Delaware boundary coincides with an area of diminished wave energy and the more erosive

sections near Ocean City appear related to local concentrations of wave energy.

Comparisons of results from mode runs with the unmodified bathymetry with runsin which the
removal of approximately 2 x 10° m? from each shod indicates thet there would be relatively little
change in the wave environment. However atotal mining of 20 x 10° m® would result in an increasein
wave height in the area between the dredge stes and the shoreline. Evauation of the impact of this

increase on the shoreis difficult.



The potential impact of dredging on storm surge was assessed with a stlandard computer model
(SLOSH — Sea, Lake, and Overland Surges from Hurricanes). The moded was run with the
unmodified bathymetry and the bathymetry after the 20 x 10° m® mining scenario. Using amodded
category 4 hurricane and two storm tracks, one generally shore pardld, the other shore normd, there
were negligible, dmost non existent, difference between the pre and post dredging outputs.

The naturd tidd currentsin the areaare fairly smal, approximately 20 cn/s at the surface
decreasing at the bottom to around 5 cm/s except dightly greater, 5-10 cn/s, over the shoals.
Modeling indicates that the cumulative dredging scenario would result in an increase of gpproximately
10 percent in the bottom currents. Asthistrandatesto an overal increase on the order of 1 crm/s, the
impact of dredging on bottom currents is considered to be very small.

Finally, yet another computer model was used to assess changes in the combined wave and

current generated bottom disturbing forces. Again, the impacts of dredging appear minimdl.

Part 5 reviews the recent geologic history of the coast with emphases on changesin shordine
position and possible influences of works intended to stabilize the shore. The gpproximately 100 km
long coasta region between Ocean City, Maryland and Cape Henlopen, Delaware is the product the
Sea risng across ayoung, sedimentary substrate. The recently eroded, underlying, and presently
eroding strata were formed in very smilar environments as the ocean had moved back and forth across
the coastd plain in response to sealevel changes during the Quaternary resulting from globa changesin
glaciaion. The shordlineisawave (or sorm) dominated, micro-tidal (mean tide range about 1.1m)
system that has experienced approximately 30 cm of sealeve rise over the past century. Although
natural process operating along an open coast tend to straighten the shoreline, the actud form of the
shordine depends, in part, on the geology of strata both being and recently eroded. Bl uffs, dunes,
barrier spits, marshes, and inlet associated areas dl respond differently and leave different physica
remnants on the post-erosion, flooded sea floor. Modern *hot spots,” sites of chronically greater
erosion, gppear to be related to patterns of wave refraction which is afunction of the overdl wave

climate and the location of offshore shods.



The jetties a Ocean City Inlet, the southern limit of the sudy area, and Indian River Inlet have
had subgtantia loca impact since their condtruction and indicate a spatiad change in condition dong the
coast. The net longshore current near Ocean City flows southward and has built a substantid fillet of
sand againg the north jetty whereas the net drift at Indian River Inlet istoward the north. A permanent
sand-bypassing plant serves to feed the longshore drift to the norht of theinlet. The nodd zone, or
region of current reversal, gppears to be around the Delaware-Maryland border. Many sections of the
shore have been modified with seawalls or bulkheads and groins. During the past two decades there
have been several substantia episodes of beach nourishment.

The long term higtory of the shore is one of retreat. Comparisons of maps and charts from
1850 with modern map, chart, and photographic data document a receding shoreline and a
transgressing sea. Therate of retreat shows both spatial and tempord variability. Analys's of recent
beach profiles suggests that dthough the actud shoreline (i.e. the intersection of the physical shoreface
and atida datum such as mean high water or mean sealevel) may be retreating, sand eroded from
landward portions of the beach might be accumulating in the shalow nearshore, especidly in the vicinity
of sections that have been nourished. If thisis so, even though the sand has been lost from the
accessble, recreationd beach, it dtill is part of the beach-shoreface system and might be serving to

protect the inshore portions from larger waves.

SIGNIFICANT CONCLUSIONS

Although there are potentiadly adverse consequences to sand mining in the offshore regions of
Dedaware and Maryland, they likely are not substantia and actions can be taken to iminate or
minimize them. Obvioudy dredging the bottom destroys dl the organisms that had lived within the
dredged area, but the best sands for beach nourishment have a comparatively low resource vaue. The
benthic fauna of those areas are likely to recolonize fairly rapidly especidly if smdl “idands’ are left
untouched within the otherwise dredged area. Care should be taken to minimize disturbance of the
subgtrate between the shods that will be the targets for dredging. The very smal size of the areas likely
to be dredged rdative to the large geographic ranges of trangtory fishes indicates that sand mining
would have very little impact on the fish populations. The species occurrence of fishes in spawning,



egg, and larvee stagesis least from October through March and pesk in the late Soring and summer.
The potentid threat to sea turtles can be avoided by mining from mid-November to mid-April when
these sub-tropica animds are absent from the area. Sand mining poses no foreseeable threet to the
migratory and highly mobile marine mammals

Anaysis of exiging wave conditions demondtrates that modern shoreline sability isrelated to
aress of concentration and dispersion of wave energy near the zone of breaking waves. The rdatively
gtable area around the Maryland-Delaware border is one of relaively low waves whereas the various
erosond “hot spots,” especidly dong Fenwick Idand, gppear coincident with zones of wave energy
concentration. Wave transformation modeling indicates that remova of 10° m? of sand from the top of
Fenwick and Ide of Wight Shodswill result in very smal changes from present conditions. Removal of
10 m* might cause more noticeable changes in the regions between the dredged aress and the shore.
Modeling a0 predicts that dredging will have an extremely smal impact on ambient tidal currents and
potentia storm surges.

The Maryland-Delaware shore is experiencing increasing pressure from expanding recrestiona
and resdentid uses and the associated commercid developments. The form of the shoreline results
from interactions amongst the loca geology and Stratigraphy, the history of Holocene searleve rise, and
the contemporary wave climate. Although rising sealeved drives a generd marine
transgression/shoreline retrest through the areg, the rate of retrest and gpparent local stability vary aong
the shore. Shordine engineering, most noticeably sand bypassing at Indian River Inlet and repetitive
beach nourishment at severd sites, has been employed to control shoreline retreat and enhance the
recregtiond vaue and use of the beach. The cumulative impact of the many beach nourishment
projects that aready have been performed appears to be more beneficial than any individua project.
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CHAPTER 1. INTRODUCTION
1.1. Overview and Objectives

The remova of minera resources, typicaly mining of sand for beach nourishment, from the
continental shelf poses athreat of direct disturbance to benthic communities and trophically dependent
pelagic species. In order to eventudly predict the impacts of sandmining upon biologica resources
within a designated project ares, it is necessary to first determine existing community structures, spatid
distributions, substrate dependencies, productivity and trophic linkages. The natura dynamics of the
biological assemblages should be assessed with respect to the scales and magnitudes of normal
environmental stressors and the potential for some activities to interfere with these dynamics. For
example, benthic community structure can sometimes be accuratdly inferred based upon sediment
types, however sediment typesis afunction of the trangport environment controlled by highly variable
wave and current dynamics. The mid-Atlantic continental shelf isannually exposed to summer
hurricanes and winter northeaster sorms. Y et, primary topographic features, such as the shods
offshore Maryland and Delaware, and the predominant sediment distribution patterns persst.
Persstent biologica assemblages there reflect balance with system dynamics. However, apparent
persistence may aso result from continua population responses to disturbance, where eradication is
quickly followed by recolonization dependent upon substrate changes and water column conditions
subsequent to disturbance.

Disturbances associated with sandmining are not inconsequentia because of existing highly
dynamic conditions on the shelf. Sandmining will directly dter topographic features which in turn will
influence how and to what degree water column dynamics will influence the substrate and hence the
biology. Prediction of the short-term responses of the benthic community will be considerably more
difficult than long-term because of asynchronous and variable naturd short-term popul ation fluctuations
(Maurer et al., 1976). Long-term responses however can be considered in terms of a spatial problem
in that community structure should eventudly reflect substrate components, and primary dterationsto
subgtrates should be limited to the generd vicinity of the mined region.

Impacts of sandmining to the biologica resources include remova of and extermination of



infauna, epifauna, and some benthic fish; dteration of bathymetry by reduction of topographic features,
exposure of buried subgtrate; and potentid disperson of surrounding biological community congtituents.

Regions of potentid sandmining activitiesin U.S. Federa waters off Maryland and Delaware
include the offshore ridges known as Fenwick, Weaver, and Ide of Wight Shods, and nearshore gravel
and sand sheets east of Indian River Inlet. Sedimentsin the region are primarily terrigenous quartz
(subarkosic) sands (Milliman, 1972), however grain-sizes from claysto gravelsexis in the area. The
offshore ridges are topographic features initialy thought by Shepard (1948) to be drowned barrier
idands, but are now believed to be long-term accretional and erosiona responses to sorm-related
hydraulic regimesin combination with sea-leve rise since the last deglaciaion (Swift and Fied, 1981;
Goff et al., 1999). The ridges apparently form as shore-attached features produced during shoreline
erosion induced by storm generated currents and vortices, and aso dependent upon substrates
composed of mixed sands with a coarse component (Swift et al., 1973).

1.2. Benthic Resour ces and Habitats

1.2.1. Scalesof Variation

1.2.1.1. Spatial

Spatid variability in water depth, topography, substrate characteristics and biologica
community attributes occurs a very smdl (cm) to regiond (km) scales. Determinations of digtributions,
aerid coverages, and trangtions will depend upon the scale(s) a which sampling occurs. Resolving
gpatid variationsisimportant to delineation of impacts, however resolving power isinversay
proportiond to sampling effort. Therefore, in order to resolve both large and small-scae phenomena
and their variability, the sampling support and design must provide sufficient coverage for both.
Sampling regiondly & very high denstiesisinfeasble, therefore we chose to use varying spatia
supports for our data collection. Point sampling provided large-scae coverage and gross
approximations of habitat distributions, and transect sampling (with point and continuous devices)
provided fine-scale coverage and estimates of rates of small-scae spatia change which could be
combined with the large-scale data in order to better represent intermediate-scales without direct
sampling. This approach utilized the concepts of geodtatistics and varied support, reactive sampling



techniquesin order to maximize the information return for the field efforts.

1.2.1.2. Temporal

Tempord variability operates upon benthic habitats and communities at long and short time
scaes. Continenta shelf communities vary seasondly but this tempord variation is confounded with
distance off shore and depth (Maurer et al., 1976). The farther offshore and deeper the areathe less
pronounced seasondity becomes and presumably interannually variation aso declines (Boesch et al.,
1979). However, within our region of interest benthic community structure and function is primarily
associated with subgtrate type and changesin substrate.  Therefore, unless the bottom changesin
ubgtrate or hydrodynamics, variation from tempora change in the communities should be reeively
small, and community structure and function should be relatively predictable, irrespective of when
sampled during the year. Tempora dynamicsin subsirates and habitats that will have the most effect
upon benthic communities operate in response to forcings with short temporal scales but broad spatia
scaes. Stressesincurred by the bottom are primarily associated with major storm events or dredging
activities. Unless storms spawn tornadoes that would proceed along a discrete path across the study
areq, the sorms potentia to induce bottom change would influence the entire sudy area. And, unless
climatic dynamics change dradtically, seasond effects in a particular location should be predictable from
year to year. Unpredictable changes that would be expected where there are combined effects induced
by high-energy events occurring in trangtiond areas. Trandtiond areas are characterized by high rates
of locd variability in terms of physica Structure (Steep grades) or the induced effects of structura
changes exhibited in water column physics and resultant effects on the substrate (shear, suspension,
sedimentation) and biology (exposure, removd, burid). Thus determinations of rates of spatial changes
in ecosystem components are more important than attempts at detecting seasond patternsin dynamic
environments, especidly if the time series used to detect seasondity is short or the sampling interval
infrequent.

1.2.2. Assessment and Evaluation
1.2.2.1. Existing Tools
The organism sediment index (OSl) was devel oped (Rhoads and Germano, 1986) in order to



provide a means to assess benthic habitat condition using sediment profile image data. Recently,
Nilsson and Rosenberg (1997) developed asimilar index, the benthic habitat quaity (BHQ) index, also
for applying profile image data to habitat assessment. Standard sediment profile image (SP1) andysis
and the OSl and BHQ indices offer ingghtsinto habitat and microhabitats which other techniques do
not (Rhoads and Germano, 1986), and provide complementary data (Bonsdorff et al., 1996) to
standard benthic community and substrate characterization.

Other survey tools and techniques provide habitat data at scales difficult to resolve by SMI
sampling. Video and interva gill imaging deds, which provide continuous detailed transect deta,
equivaent to ROV -gathered data, but at lower cost and cover greater areain less time dthough with
less directiona control. Side-scan sonar devices provide wider swath coverage over transect lines,
reveaing substrate configurations and trangtions. Additionaly, sonar units can be deployed
smultaneoudy with towed deds, providing the acoustic swath view of the bottom about to be
encountered by the ded. These techniques provide habitat and microhabitat information important to
understanding biologica community data from sediment grab samples and benthic trawl samples.

Data from benthic-grab sample andys's offer severd resource assessment parametersincluding
abundance, biomass, and diverdty. These basic community structure parameters offer intuitively
va uable resource information and have formed the basis of many impact assessments. Recently
community structure parameters have been incorporated into numerical indices designed to measure the
magnitude of response of the benthos to various forms of disturbance. For example, a benthic index of
biotic integrity (B-1BI) was developed by Weisherg et al., (1997) as ameans of evauating benthic
community conditions based upon species tolerances and sengtivities to environmenta conditions and
used data from “reference’ areas as a calibration of the index. This gpproach focuses on community
structure and does not account for energetic or ecosystem level responses, which should be the centra
issue in any assessment of potentia impacts. To overcome the limited usefulness of community
structure based assessments we have included an energy flow based gpproach to this sudy by
estimating the secondary production of the infaunal communities.



Secondary production can be derived from the grab data and imparts more efficiency upon any
assessment or characterization of resource value or potentid than any of the community structure based
gpproaches (Diaz and Schaffner, 1990). Secondary production estimates aso benefit from
mathematical modesthat have incorporated many datasets from around the world (for recent
examples see Brey (1990) and Tumbiolo and Downing (1994), meaning that applicability and
comparison are enhanced. The Benthic Resources Assessment Technique (BRAT) developed by Lunz
and Kendall (1987) was an early attempt to add the concept of energy flow to resource assessment
and ascribe resource value to subtidal estuarine and marine bottom habitats. BRAT utilizes data
collected on both infaunad communities via grab and fish assemblages viatrawl. Gut content andys's of
the fishes is compared to existing benthic infauna resources to estimate trophic transfer of benthic
resources. However, BRAT israther [abor intensve and difficult to apply over large areas because
sampling at frequent intervals over ayear is needed to characterize energy transfer to transent fishes. In
addition, BRAT relied on standing stock biomass of benthos and did not consider the productivity and

turnover rate of the infauna

If the godl is to assess benthic biologica resources that will support fisheries species, high
priority should be given to assessing resource potentia of a bottom to provide fish food and the spatia

distribution of these resources.

Evauating sand-mining effects based upon benthic biologica resources and habitat conditions
requires a combination of the previoudy described tools and techniques for habitat vauation, and in

addition predictions concerning community and system responses to disturbance events.

1.2.2.2. Relevance
Both of the profile image-derived indices (the OS developed for northeast estuarine and
marine bottoms and the BHQ developed for Scandinavian fjords systems) heavily weight the redox
potentia discontinuity (RPD) layer depth.  Although appropriate for the systems within which these
indices were developed, where variation in RPD layer depth could be related to variation in biologica
activity. RPD layer depth isdso intimately linked to and correlated with geophysical and geotechnical



sediment properties. RPD layer depth is essentidly the recent time-averaged depth below the
sediment-water interface to which oxidized water penetrates, either by biogenic flushing induced by
organismad activity (Aller and Aller, 1998) or by physica percolation induced by advection (Ziebis et
al., 1996). Unfortunately, both indices (OSl and BHQ) utilize RPD without compensating for
confounding factors that control permesbility and influence RPD, such as sediment grain-size, porosty,
cohesivity, compaction, and sorting. In smple cases, sediment grain-size ditributions can serve as a
proxy for the others. Aslong as the sediments sudied are similar, in that grain-size digtributions and
geotechnica properties are limited in variability, gpplication of either index isvalid. However, neither
the OSl nor BHQ can accommodate the physical processes that structure surficia substratesin our
study region, theinner continental shelf offshore Maryland and Delaware, or the east coast continental
shelf in generd. Coarse, highly permesble sediments cover much of the area as does steep topographic

features that are often exposed to strong currents and high turbulence.

1.2.2.3. Modification and Development

Since the OSl and BHQ suffer serious effects from confounded, correlated variables such as
RPD and sediment grain-size, and have limited relevance to most continenta shelf habitats, we
developed anew SPI index based upon the BHQ. We used the BHQ index as a base because it relies
upon discretely identifiable sediment and biologica festures. We do not present the OSl in this report
because successiond states were indeterminate for nearly al the images, therefore the OSl was
undefined. Goalsfor the new index included smplicity, smilarity to OS and BHQ, adjustment for
correlated variables, and accommodation for variables exceeding tool measurement capabilities, and of
course utilization for mid-Atlantic continentd shdlf environments. We cdl the index SBHQ for Scded
Benthic Habitat Quality index. The design of the SBHQ should make it gpplicable to not only the mid-
Atlantic shdf but to sedimentary environmentsin generdl.



CHAPTER 2 STUDY AREA
2.1. Regionsof Interest

The study areawas located on the inner continenta shelf in the centra portion of the mid-
Atlantic bight (Figure 2.1-1). Minerds Management Service (MMYS) specified five regions of interest
(ROI). Two ROI's were located offshore Indian River Inlet, Delaware: the ROI to the north was cdled
Indian River ROI (IR-ROI) and its southern neighbor was called North Bethany Beach ROI (NBB-
ROI) (Figure 2.1-2). Three ROI's were located on the primary shod features offshore northern
Maryland and southern Delaware: from north to south, Fenwick Shod (FS), Weaver Shod (WS), and
Ide of Wight Shod (IWS) (Figure 2.1-3).

For generd descriptionsin this report, Indian River Regions refers to both the Indian River and
North Bethany Beach ROI's. Likewise, Fenwick Shoals Regions refers to the three shoa ROI's (FS-
ROI, WS-ROI, IWS-ROI).

2.2. Sample L ocations

Sampling in 1998 encompassed dl ROI's, and some areas surrounding the ROI's. In 1999,
sampling was concentrated in the FS Regions, primarily where magjor sedimentological and biologica
trangtions were identified from the 1998 data. Severd different sampling gear were deployed within
and around the ROI's. In May 1998, point samples were acquired from stations on aregular lattice:
SPI a dl dations, sediment grabs at randomly selected stations within the lattice. Additiona point
samples were taken at intermediate positions aong seven of the lattice axes. Transects were sampled
using atowed ded system aong three of the higher dengity point sample lines and also across areas
within the overall lattice where point samples were not acquired. In June 1999 sediment grabs were
acquired at a subset of the same grab stations from 1998 (Figure 2.2-1).

SPI samples were taken at some of the same gtations visited in 1998. However, because of the
sea-state, sampling efforts were redllocated, focusing upon collection of biologica grab samples a the
same stations as 1998, video ded tows, and high-density point SPI sampling, where SPI images were
acquired at close intervas along transects by drift deployment.  The high-dendity SPI transect samples



were acquired over and between much of Fenwick Shoal and Weaver Shoa (Figure 2.2-2).
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3. MATERIALSAND METHODS
3.1. Field Methods

3.1.1. Vessel

For the 1998 cruise we used the M/V Atlantic Surveyor from Toms Inlet, New Jersey used for
thiscruise. Oitsoverdl length was 110 feet and accommodated berthing for 9 nine scientists.  For the
1999 cruise we used the UNOL S vessel R/V Cape Henlopen of the University of Delaware its overdl
length was 120 feet and accommodated berthing for 12 scientists. On both cruises we conducted 24-
hour operations to make the most efficient use of our shipboard time.

3.1.2. Grab

A Young grab, 0.044 n? surface area, was deployed to collect sediment grab samples for
substrate and biological community data (Figure 3.1-1). Thisisthe same sampler used by EPA inits
EMAP and MAIA programs. The Young grab issmilar to avan Veen grab that has been placedina
frameto hold it level with the sediment surface while asampleis collected. Grabs without frames tend
to twist and collect uneven samples. Because of its frame, the Y oung grab functions well in both soft
and hard sediment.

3.1.3. SPI
A Hulcher modd Minnie Sediment profile camera was deployed attached to a Benthos profile
cameraframe (Figure 3.1-2). Fujichrome 100 ASA professiona color didefilm wasused. Testswere
done frequently onboard in order to ensure camera function and mark stations. In addition, avideo
camerawas atached to the SPI camera frame in order to both monitor camera operation on bottom
and to provide close-up video images of the sediment surface features and epifaunain front of the

profile prism.

The sediment profile camera was devel oped to collect data on sediments at and below the
sediment-water interface. Sediment profile cameras provide a unique in Stu view of the sediment-water
interface and subsurface sediments yielding both quantitative and quditative data on the biologicd,
chemicd, and physicd character of the sediments. The sediment profile camerais composed of two
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parts, 1- the camera, encased in a pressure housing, and 2- a45° priam, with an gpproximatdy 15 x 23
cm clear plexiglass face plate and mirror to reflect the image of the sediment up to the cameralens. The
bottom edge of the prism is sharpened to nestly cut through the sediment. The prism isfilled with clear
fresh water to prevent hydrostatic pressure from distorting the faceplate as the prism islowered below
the sea surface. The lensand light source (strobe for gill and incandescent bulbs for video) used to
illuminate the sediment are both contained ingde the clear water-filled prism. The cameraisfocused on
the prism faceplate and records sediment features pressed againgt the faceplate. This configuration
alows the camerato work in complete darkness with image clarity independent of turbidity. For
deployment, the camera and prism are attached to a cradle held by alarger stabilizing frameto insure
the prism enters the sediment a a 90° angle (Figure 3.1-2). The entire cradle and frame assembly is
lowered to the bottom by winch. Once on the bottom a hydraulic piston regulates the rate of descent of
the prism and camera cradle into the bottom. This prevents excessive disturbance of the sediment-
water interface. The profile camerais externdly triggered on contact with the bottom. Electronic
circuits in the camera control the exposure timing to alow the prism to penetrate the sediment after
contacting the bottom. Delay times usudly range from 1 sec. in soft mud to 15 sec. in hard sand.

3.1.4. Sled

VIMS Standard Bottom Imaging Sled was deployed with video cameras, and water quaity
sensors. The ded was towed a <1 knot when possible. This ded system was aso deployed with the
SPI-Plow (BCD system, see below) attached after the plow-ded had been damaged (Figure 3.1-3).
Sed Hill images had the following dimensions, based upon the cameralens angles and depth above the
bottom. The length of the image was about 43 cm, the width of the image was 30 cm, the areawas
about 1300 cn, or 0.13 The ded was towed at 2 to 3 knots when the vessel was under power
and as low as 0.8 knots when adrift in order to acquire close-up bottom video and water quaity data.
The video camerawas set obliquely and about 15 cm from the bottom in order to resolve the smdler
details of the surface and biologica structures. The area viewed by the video camera was a trapezoid
about 10 cm dong the base line closest to the camera and 40 cm dong the other basdine. Thefidd of
view was about 0.2 to 0.4 n? depending on ded orientation.



The camera was mounted so that the foca plane was 40 cm above the plane of the ded
runners, meaning that each image represented an area of 0.13 n¥, since the lens had been adjusted for

close-up focus and the lens angles were 20.6E and 28.5E. Normd lens angles are 35E and 50E.

3.1.5. SPI-Plow
The SPI-Plow, or Burrow-Cutter-Diaz Plowing Sediment Profile Camera System (Cutter and
Diaz, 1998) was deployed, only on the 1999 cruise, to acquire continuous video profile images. It was
towed at 0.1 to 1.5 knots and subbottom video was recorded onboard. However, the ded
superstructure was broken during atow, was recovered, and the system had to be modified onboard.

The plow and camera encasement was then transferred to the standard ded.

3.1.6. Sidescan Sonar

A Marine Sonic Technologies Inc. 600 KHz sidescan sonar towfish and digital acquisition unit
were deployed during several of the ded tows and plow drags on the 1999 cruise. Sidescan records
were stored on a PC hard drive, then transferred to removable magnetic disk, and archived on CD-
ROM.

3.17. Trawl

On the 1999 cruise, Rutgers University researchers deployed an eight-foot beam trawl to
collect juvenile fish, epibenthos, and magabenthos. Four trawls locations were chosen based upon ded
and plow video observations to cover a broad range of sedimentary and biologica conditions. Two
physicaly dominated sandy and gravel/shelly habitats with little evidence of biogenic kstructure were
sampled dong the northeastern and northwestern sides of Fenwick Shoa and two more biologically
accommodated Diopatra and Asabellides tube field habitats aong the southeastern and southwestern
gdes. At each location four trawls were collected during daylight and four trawls during the night. The
trawl was fitted with a meter-whed to measure the distance trawled so that fish abundance per unit area
could be estimated.
3.2. Laboratory Methods

321 Grab
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Samples were rinsed in freshwater over a 500-um sSeve and sorted by placing asmall amount
of the samplein aplagtic dish. All organiams, including fragments of worms, were removed and sorted
to mgjor taxonomic categories such as polychaetes, crustaceans, molluscs, echinoderms, and other.
After samples were sorted, al organisms were identified and enumerated. |dentifications were made a
the lowest practical taxonomic level (LPTL), usualy species. After identification and enumeration al
organisms were grouped by LPTL and placed in 2% Formain until wet weight measurements were
completed.

32.2. SPI
Side images were reviewed on alight table, then digitized usng a Polaroid Sprintscan 35Plus
dide scanner. Images were stored as TIFF files, using no compression, and archived on CD-ROM for

later computer image andyss.

3.2.3. Sled

Still images collected from ded tows using the Benthos Degp-Sea Standard Camerawere
processed the same as SPI images (above). Sed video images were transferred from anaog to digital
video format. The digital video was then played back at 1/3 speed, and feature determinations, counts,
and classifications were done by an observer every 3 seconds, providing 1 second real-speed interval
data. Substrate configuration, biologica feature occurrence, quantity and type were recorded for each
record. Video times were trandated to position using DGPS logs recorded onboard. Where position
datawere missing due to dowed DGPS data-logging, positions were estimated usng an average of the
two nearest neighbors.

Whereposition data between two images or video analys's sequences were too imprecise to
detect a difference, latitude and longitude were adjusted between the two closest reliable points.
Adjusted latitude and longitude for the ded and plow transects were estimated using one or two
functions. If latitude and longitude values did not change between time intervals, then latitude was
adjusted by a cosine function of heading that incorporated velocity, and longitude was adjusted by a

sne function of heading that incorporated velocity. If one or more successve positions were missng,
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latitude and longitude values from the previous time step were used with arandom value added (on the

order of 0.000001 degrees).

Still images collected at 15 sec and 60 sec intervals with the standard underwater camera
attached to the ded in 1998 were analyzed for features pertinent to substrate and habitat
characterization. Seventy-nine images from the 1-minute interva series and 83 images from the 15
second interva series were visualy andyzed for habitat features. Most festures were accounted for in
terms of binary occurrence/absences (1 if present or O if absent), and more than one feature may have
been present per s, they were not necessarily mutuadly exclusve. Counts of featuresin the table
represent number per the 0.13 n? image area.

Severd setsof parameters, listed below, were documented and are presented in the CD-ROM
gopendix. Maps of the features ducidate the smdl-scale spatia variation and zonation inherent to the
regions studies (Map Atlas).

Set 1 - Sediment Type. Presence/Absence of:

. St (9)

. Very Fine Sand to Fine Sand (VFSFS)

. Medium Sand to Coarse Sand (MSCYS)

. Gravd (GR)

. Shell Fragments (SHFR)

. Large Shell Parts or Whole Shells (SHLG)

Set 2 - Bed Type. Presence/Absence or Predominance of:

. Bedforms, Wave or Current Ripples (Bedf)
. Burrowed

. Tracked

. Small Tubes

. Large Tubes (LgTubes)

. Tube Bed or Mat (TubeBed)
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Set 3 - Surface Variance. Image brightness pattern propertiesinduced by primary bottom

features.

. Uniform

. Graded

. Slit

. Periodic

. Heterogeneous (HETERO)

Set 4 - Roughness. Primary origins of roughness (equivalent contribution by more than one
feature led to some cases where more than one parameter would be attributed responsbility):
. Smdl Ripples (SMALLRIPP)

. Large Ripples (LARGERIPP)

. Biogenic Structures, e.g. tubes (BIOSTRUCT)

. Evidence of Biogenic Activity, e.g. tracks (BIOACTIV)

. Sediment Grains or Shells (GRAINorSH)

. Unstructured; perhaps heterogeneous, or asurface in trangition (UNSTRUCTURED)

Set 5- Live Biology (LiveBiol); epifaunaor structures atributable to certain infauna. Presence
or Absence of:

. Asabellides oculata tubes (Asabellides)

. Diopatra cuprea tubes (Diopatra)

. Other Polychaete tubes (OtherPoly)

. Crustaceans, typically Cancer crabs (Crust)

. Hermit Crabs or Gastropods, shdll inhabitants indiscernible (HermCrabORGast)

. Gastropods; discernible (Gast)

. Bivaves (Biv)

. Echinoderms; sea gtars or sand dollars (Echin)
. Ascidaceans, tunicates (Ascidacean)

. Fish

. Other

3.2.4. Video Image Analysis Data

Expanding upon the analysis concept used for the 1998 still images, video acquired from ded
tows during the 1998 and 1999 deployment were visudly analyzed at one second intervals. Subdrete,
invertebrate faunalbiologica features, and fish were classified into categories for each second of video,
played at one-third speed. Substrates were classified in terms of visible physica characteristics:

Set 1 - Physical Characterigtic Classes (SediHabi)
1. Sharp crested ripples, waveength grester than video field of view, bedform crest
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straight, no secondary ripples.

2. Sharp crested ripples, wavelength greater than video field of view, bedform crest
draight, secondary ripples asymmetrica.

3. Sharp crested ripples, wavelength greater than video fidd of view, bedform
asymmetric, secondary ripples asymmetrica.

4, Smooth crested ripples, wavelength greeter than video field of view,no secondary

ripples.

Smooth crested ripples, wavelength less than video field of view, no secondary ripples.

6. Smooth crested ripples, wavelength less than video field of view, secondary ripples

asymmetrical.

Sandy bottom, bedforms not apparent

8. Uneven bottom, likely biogenic; or outcrops.

o

~

Set 2 - Biogenic Structure Classes (BiogHabi)
No biology apparent.

Occasiond sngle tube or organiam.
Smadll patches of tubes or organisms.
Large patches or fields of tubes.
Dense tube beds or tube mats.

bk owbdpE

Maps of the physica and biologica habitat feasture classes can be found in the Map Atlas and on the
CD-ROM asfile “9899d edviddata-final .dbf” that can be accessed viathe GIS projects.

In addition to habitat classifications, each fish observed in the video from 1999 was reviewed at
dow speed until species, or lowest practica taxonomic leve, identification could be determined by K.
Able, Rutgers University. Maps for the dominant benthic fish species collected in trawls, and seen in
video, are presented in the Map Atlas.

3.24.1. SPI-Plow
SPI-Plow videos were reviewed in the lab, transferred to digital videotape, and archived onto
CD-ROM.

3.25. Trawl
Fish and invertebrates collected in trawls were emptied into large container on-deck, sorted to mgor

taxa, counted and recorded, and preserved in formalin for |aboratory processing and identification. In
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the laboratory, preserved fish and invertebrates were identified to species or lowest practical taxonomic
level, weighed, and measured. Gut content analysis was preformed on the three most abundant fish;
Urophycis regia, Etropus microstomus, and Prionotus carolinus. Guts were removed and stored in
ethanol. Gut contents were sorted to mgjor taxa, and where possible to the generic level. Contents

were enumerated and wet weight biomass determined by mgjor taxa

3.2.6. Sidescan Sonar
Sidescan records stored on magnetic disk were transferred to CD-ROM for archive aong with

the program for reviewing the sonar image records.

3.2.7. Position Data
Pogition data for point and transect interva samples are provided in the and continuous transect
logs are provided in digita form on the CD-ROM Appendix.

3.2.8. Grab Sample Substrate Data

Sediment grain-size distributions and sand fraction distributions were determined by VIMS
Andyticd Services Laboratory. Sand:sit:clay ratios were usng standard techniques and sand size
fractions were measured using a Rapid Sediment Anayzer.

3.2.9. Grab Sample Biological Data
3.29.1. Preiminary Data Treatment

Prior to performing any of the andyses of the 1998 and 1999 benthic data severa modifications
to the station by species matrix were made. The purpose of these modifications was to remove bias
that would result in caculation of diversty and smilarity indices from ether inflated number of taxa,
whichin fact likely do not represent different species and represented identification problems, or
species that were not representatively sampled by the Y oung grab, or species not properly sampled by
the Y oung grab such as mobile epifauna. First, severd non-infauna mobile taxa were excluded, such
as hermit crabs (genus Paguras) because of their potentia ability to avoid capture by grab. Second,
questionable taxa,such as Unidentified Bivalve, were excluded. Taxain this group were either very
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gamal or fragmented individuas. Third, data for some taxawere pooled. Usudly thisinvolved pooling
datafor ataxon identified to aleve higher than species (e.g., genus) with those data for a species within
the higher taxon. This pooling was done only when a single species of the genus was identified. For
example, Lumbrinerides dayi (a polychaete) was the only species of the genus found, so any
polychaetes identified only to the genus Lumbrinerides were treated as if they were L. dayi. In most
cases the species could not be determined on these organisms because they were small, immature
individuas or key taxonomic structures, like antennae or paps, were missing. Fourth, data for some
species were pooled to ahigher leve taxon, usually genus, because more than one species of agenus
was identified and many smdl or immeature individuas could not be identified beyond the genus levd.
For example, two species of the bivalve genus Astarte were found, castanea and nana, but about
25% of dl Astarte could not be speciated. Therefore, A. castenea and A. nana were combined into
the genus Astarte. Thisfourth data reduction stratagy would bias diversity and smilarity indicesin the
opposite direction of the first three and was only applied to Six genera (Ampelisca, Astarte, Nucula,
Nephtys, Pseudeurythoe and Tellina). Fifth, severa species were not consstently sorted from the
samples and were dropped. These included three species of small ascideans (sea squirts or grapes)
that closely resembled grains of sand and one very smdl polychaete (Spirorbis p.) that builds athin

cacarious tube on sand grains. One sorter did not recognize these four species.

3.2.9.2. Community Analysis
Diversty and community structure caculations were done with the program PRIMER (Carr,
1997). PRIMER (Plymouth Routines in Multivariate Ecologica Research) is a series of programs
developed at the Plymouth Marine Laboratory, United Kingdom, for andlysis of benthic community
data. Information on PRIMER can be found at http://imwww21.npm.ac.uk/primer/. Magurran (1991)
describes dl of the diversity indices used here. Shannon's H' was calculated by using log,:
H = -Op(logp)
Where p; is the proportion of thetotal counts arising from the it" species. Comparisons of H' with other
studies must be done with caution, for two reasons, first, H' can aso be caculated using Napierien
logarithms or Log,, and, second, different Szed samplers are affected by species-arearelationships,

larger grabs collect more species than smaller samplers.
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Species richness was expressed at the tota number of speciesin asample (S) and Margdef’s
index (d):
d=(S1)/logN
which aso incorporates that total number of species present for agiven number of individuas (N).

Equitability of gpecies distribution among individuas was expressed using two measures.
Pidou' s evenness index that expresses how evenly the individuas are didtributed among the different
Species.
J =H/logS
where log S represents the maxima possible diversity that would be achieved if dl species were equdly
abundant in asample. Simpson’s dominance index () that expresses dominance of individua species

in asample, essentidly the reverse of evenness:
Sl = ?

Clugter andyses were preformed with the program COMPAH96 (currently available on E.
Gdllagher’ s web page, http://Aww.es.umb.edu/edgwebp.htm) originaly developed by at the Virginia
Ingtitute of Marine Science inthe early 1970's. The sample and species clusters were generated using
flexible sorting with & of —0.25 and Bray-Curtis smilarity, aso known as Pidou’ s (1984) percentage
samilarity, caculated from smultaneous standardization of abundance (Boesch 1977):

Y = X/%(sampletotal* speciestota)
whereY isthe stlandardized vaue of abundance (X). Any taxathat was present in three or fewer grabs
was eliminated from the cluster anadlysis. This resulted in acombined tota of 73 of 166 total taxa being
dropped for both years.

Reaults of the station and species clusters were compared using nodd andys's, which examines
the origind data matrix rearranged into a two-way table based on the cluster defined groups.
Constancy, a measure of the association of species with stations (Fager 1963), was calculated from the
nodal table based on the proportions of the number of occurrences of speciesin the station group to the

total possible number of such occurrences (Boesch 1977):
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Cij = g/ (nin)
where g; is the actual number of occurrences of members of speciesgroup i in station group j, ni isthe
tota number of gpeciesin group i, and nj isthe number of stationsin group j. Congtancy will range
form 0.0 when none of the speciesin a species group occurred in a station group to 1.0 when dl of the
speciesin a species group occurred in dl of the Sations of a gtation group. Fidelity, a measure of the
constancy of speciesin a station group compared to the constancy over dl station groups (Fager
1963), was used to indicate the degree to which species prefer station groups (Boesch 1977):

Fyj = (33n)/(n34a)
where a; and nj are the same as defined for the constancy index. Fidelity is 1.0 when the constancy of
agpecies group in agtation group is equd to its overal congtancy, >1.0 when its constancy in astation
group is greater than that overall, and <1.0 when its congtancy is lessthan its overal congtancy. Vaues
of F >2.0 suggest strong preference of species for a station group and values <0.7 suggest avoidance of
these species from the station group in question (Boesch 1977).

3.2.10. Image Analysis: SPI and Sled till

Digitized images were andlyzed visudly on computer screen and digitally usng NIH Image
(NIH, public domain), Image Pro Plus® (Media Cybernetics), and Adobe® Photoshop® with the
Image Processing Toolkit© (Reindeer Games). Feature counts were made visudly and linear and
ared feature measurements were made digitaly, by direct application of measurement tools and by
gpatialy calibrated grid overlays. A brief description of magor image parameters follows:

Prism Penetration - This parameter provided a geotechnical estimate of sediment compaction
with the profile camera prism acting as a dead weight penetrometer. The further the prism entered into
the sediment the softer the sediments, and likely the higher the water content. Penetration was
measured as the distance the sediment moved up the 23-cm length of the faceplate. The weight on the
camera frame was kept congtant at 341 kg (750 |bs.) so prism penetration provided a means for

ng the relaive compaction between dations.

Surface Relief - Surface rdlief or boundary roughness was measured as the difference

between the maximum and minimum distance the prism penetrated and provided quditative and
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quantitative data on habitat characteristics which can be used to evaluate existing conditions. This
parameter dso estimated small-scale bed roughness, on the order of the prism faceplate width (15 cm).

The causes of roughness can often be inferred from visua andlyss of the film images and video.

Apparent Color Redox Potential Discontinuity (RPD) Layer - This parameter has been
determined to be an important estimator of benthic habitat qudity (Rhoads and Germano 1986, Diaz
and Schaffner 1988), providing an estimate of the depth to which sediments appear to be oxidized.
The term apparent was used in describing this parameter becauise no actual measurement was made of
the redox potentid. An assumption was made that, given the complexities of iron and sulfate reduction-
oxidation chemigtry, reddish-brown sediment color tones (Diaz and Schaffner 1988), or in black and
white images whiter or lighter areas of the image (Rhoads and Germano 1986), were indications that
the sediments were oxic, or at least are not intensely reducing. Thisisin accordance with the classcal

concept of RPD depth, which associates it with sediment color (Fenchel 1969, Vismann 1991).

The depth of the gpparent color RPD was defined as the area of dl the pixelsin theimage
discerned as being oxidized divided by the width of the digitized image. The area of the image with oxic
sediment was obtained by digitally manipulating the image to enhance characteritics associated with
oxic sediment (greenish-brown color tones). The enhanced area was then determined from a density

dice of theimage.

The gpparent color RPD has been very useful in assessing the qudlity of estuarine and coastal
embayment habitats for epifauna and infauna from both physica and biologica points of view. Rhoads
and Germano (1986), Diaz and Schaffner (1988), Vdente et al. (1992), Nilsson and Rosenberg
(1997) and Bonsdorff et al. (1996) al found the depth of the RPD from profile images to be directly
corrated to the qudity of the benthic habitat in polyhdine and mesohdine estuarine zones. Controlling
for differences in sediment type, habitats with thinner RPD's (mm's) tend to be associated with some
type of environmenta stress. While, habitats with degper RPD's (cm's) usudly have flourishing
epibenthic and infaund communities



Sediment Grain-gze - Grain-Szeis an important parameter for determining the nature of the
physica forces acting on a habitat and isamgor factor in determining benthic community structure
(Rhoads 1974). The sediment type descriptors used for image andysis follow the Wentworth
classification as described in Folk (1974) and represent the mgjor modal classfor eachimage. Grain-
Sze was determined by comparison of collected images with a set of sandard images for which mean

grain-size had been determined in the laboratory

Surface Features - These parametersincluded awide variety of festures. Each givesabit of
information on the type of habitat and its quaity for supporting benthic species. The presence of certain
surface features isindicative of the overal nature of ahabitat. For example, bedforms are aways
associated with physicaly dominated habitats, whereas the presence of worm tubes or feeding pits
would be indicative of amore biologicaly accommodated habitat (Rhoads and Germano 1986, Diaz
and Schaffner 1988). Surface features were visudly evaluated from each dide and compiled by type

and frequency of occurrence.

Subsurface Featur es - These parameters included awide variety of features and reveded a
great ded about physical and biologica processes influencing the bottom.  Surface festures were
visualy evauated from each dide and compiled by type and frequency of occurrence.

Successional Stage - Sediment profile data have aso been used to estimate successional
stage of the fauna (Rhoads and Germano 1986). Characteristics associated with pioneering or
colonizing (Stage 1) assemblages (in the sense of Odum 1969), such as dense aggregations of small
polychaete tubes a the surface and shdlow apparent RPD layers, were easily seen in sediment profile
images. Advanced or equilibrium (Stage 111) assemblages dso have characterigtics that were easily
seen in profile images, such as deep gpparent RPD layers and subsurface feeding voids. Stagelll is
intermediate to | and 111, and has characterigtics of both (Rhoads and Germano 1986). A group of SPI
parameters are evaluated to determine successiond stage (- = not associated with, + = associated with,
+++ = grongly associated):

Successond Stage
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Average RPD (cm) <1 1-3 >2
Max depth RPD (cm) <2 >2 >4
Smdl Tubes +++ ++ +
Large Tubes -+t +++
Burrows -+t +++
Feeding Voids -+ +++
Smdl Infauna +++ ++ +
Large Infauna -+ ++
Epifauna +  ++ ++

Organism-Sediment I ndex - Rhoads and Germano (1982, 1986) developed the multi-
parameter organism-sediment index (OSl), from data provided by the sediment profile images, to
characterize benthic habitat qudity. The OSl defines quality of benthic habitats by evauating images for
depth of the apparent RPD, successiond stage of macrofauna, the presence of gas bubblesin the
sediment (an indication of high rates of methanogeniss), and the presence of reduced sediment at the
sediment-water interface. The following parameter ranges and scores are used in the calculation of the
OS (taken from Rhoads and Germano 1986):

Depth of the apparent color RPD: Edtimated successond stage:
Ocm 0 Azoic -4
>0-0.75 1 I
0.76-1.50 2 11
151-2.25 3 I
2.26-3.00 4 -1
3.01-3.75 5 [l
>3.75 6 lonlll 5
[l onlll 5

Methane voids present -2

No/Low DO -4
The OSl ranges from -10, poorest quaity habitats, to +11, highest qudity habitats. The OSI

a b wN Pk

has been used in estuarine and coastal bay systems to map disturbance gradients (Vaente et al., 1992)
and to follow ecosystem recovery after disturbance abatement (Rhoads and Germano 1986). OS|
vaues >6 are generdly associated with habitats that have well developed infaund communities.

BHQ — The Benthic Habitat Qudlity index of Nilsson and Rosenberg (1996) was caculated
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from the SPI data. The BHQ was developed to evauate benthic habitat quality in Scandinavian fjords
and is based on biogenic structures seen in the SPI images that relate to infauna successiond stage as
described by Pearson and Rosenberg (1978). The BHQ is calculated from three basic groups of data
derived from SPI images. surface structures, subsurface structures, and mean depth of apparent RPD
(see Table 1 in Nilsson and Rosneberg, 1996). The BHQ rangesfrom O to 16 initsorigina
formulation. Nilsson and Rosenberg (1996) rdated the BHQ to successiond stage as follows:

Successiond Stage BHQ
0 <2
I 2-4
[l 5-10
"l >10
BHQ vaues greater than or equd to 5 should then indicate good qudity benthic habitat.
3.2.11. Regional Condition Data
3.2.11.1. NOAA Buoy Data
Historica surface water temperatures from 1998 and 1999 were obtained from NOAA buoy

44009, through the website http://mww.ndbc.noaa.gov/station _history ?$station=440009.

3.2.12. Habitat Classification and Biological Resour ce Information
3.2.12.1. Indicesand Derived Statistics

Caculation of the OSl index is based upon mean depth of the RPD layer, presence or absence
of methane gas voids, evidence of hypoxiaor anoxia, and successond stage (Rhoads and Germano,
1986). The OSl was abandoned because successional stages were indeterminate for most of the SPI
images and because the RPD depths observed exceeded the range provided for calculation of the OS|
was insufficient for most of the sediments sampled. The Benthic Habitat Quality index is based upon
the RPD and upon surface and subsurface biogenic features (Nilsson and Rosenberg, 1997). Although
the RPD scale designated by the BHQ discriminates levels as degp as 5 cm, it did not accommodate
most RPD's observed from the SPI images collected. Since the BHQ isimage feature-based, as
opposed to estimation based OSl, it was calculated for the MD/DE SPI database. Although many of
the biologicd features were sparse, enough were evident to justify use of the BHQ. Sincethe RPD
parameterization did not support the range of RPD's observed in these shelf sediments, we modified the
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BHQ to accommodate observed RPD variable ranges in order to provide amore generdly applicable
biologica resource index based upon sediment profile image data.

We cdl the new index SBHQ, for Scaed Benthic Habitat Quality index. It isscded inthe
sense that RPD vaues are parameterized after adjustment for generdized sediment class, consolidation
and predicted permeability based upon compaction and compressibility. The other parameters
involved in caculation were maintained. For the SBHQ, scaing of the RPD incorporated three related
variables: gross sediment type (determined visudly) and sediment compaction (derived from sediment
type), and prism penetration. As part of the index caculation, certain criteria had to be met by
variablesinvolved. Prism penetration was compared to a threshold value determined by the vaue of
the 75% quartile of al penetrations measured divided by the compaction rating. The compaction rating
was determined from sediment type. Sediment type classes were grouped into the classes mud,
muddy-fine, fine, muddy-coarse, and coarse. Sediment compaction (inversay related to prism
penetration) is usudly indicative of compressihility, and varies non-linearly with sediment type, tending
to be low for mud, high for fine to medium sands, and moderate for coarse sediments (Figure 3.2-1).

Because of that, compaction ratings (Cp) were gpplied asfollows:

CPmud = 1, CPrmuddy-fine = 1.5, CPline = 3, CPrmuday-coarse = 2.5, aNA CPegree = 2
Then, the threshold penetration vaue (z) was set at the overdl 75% quartile value divided by Cp, for
each sample based upon each sample's sediment class. For example, if the 75% quartile for
penetration was 10 cm, and the sediments were coarse grained (Cp=2), threshold penetration vaue
would be 5 cm. I penetration exceeded the threshold vaue, in this example 5 cm, and if RPD was
determinable, then the SBHQ index was ca culated using the discrete festure count categories of the
BHQ and ascaled RPD. Penetration thresholds were applied because RPD depth is related to the
permegbility, which isrelated to sediment compaction, consolidation, and sediment type, and therefore,
without respect to biological effects, should be deeper in certain sediments. If prism penetration was
insufficient in a particular case, then RPD depths could not be assessed quantitatively or quaitatively
(e.g. observed RPD versusideal RPD), therefore that case would not be considered.

26



The RPD was scded usng the following logic. If penetration exceeded threshold penetration,
for each compaction rating, and if RPD exceeded 50% of the actud penetration, scaled RPD was
cdculated as (/Cp)*RPD. If RPD was less than 50% of the actua penetration but greater than 10%
of the actual penetration, scaled RPD was calculated as (1/3.3* Cp)*RPD. If RPD was less than 10%
of the actua penetration but greater than zero, scaled RPD was caculated as (1/33*Cp)*RPD. If
RPD was zero, scaled RPD was zero. Scaed RPD vaues are not restricted to an absolute range, nor
are they categorized, therefore the SBHQ is dso not restricted. However, since they are afunction of
penetration depth and adjusted by sediment type, scaled RPD vaues are more applicable across
habitats and ecosystems, potentidly facilitating system comparisons. Also, snce Scded RPD is
adjusted for the effects of physica advection of porewater by accounting for sediment class and
compaction, the parameter should revea where biologicd influence upon RPD isrelevant.

3.2.12.2. Secondary Production

Edtimates of secondary production were made from the grab samples using the moddl
developed by Tumbiolo and Downing (1994). This modd incorporates basic life history information on
the species and the influence of environmenta parameters (temperature and depth) to predict the level
of secondary production. Parametersin the modd are:

LogP = 0.24 + 0.96LogB — 0.21LogW,, + 0.03 T, — 0.16Log (Z+1)
were Pisannud production in g Dry Weight (DW) m? y%, B is average biomassin g DW mi?, W, is
the maximum individua body massin mg DW, T, is annud mean bottom temperaturein °C, and Z is
depthin m. W, should be interpreted as the maximum size reached by the populationsin the sudy
area and not the maximum size ever recorded. Because mogt individuals are smadl and published
maximum body mass for shalow continenta shelf fauna are few, we estimated W,,, from the size of the
individuas in the grab samples and gpplied conversion factors to taxonomic groups that most likely
represented the maximum sze for shdlow shdf faunain the sudy area. Polychagte maximum individua
Sze was estimated to be a factor of five over the mean individua weight, bivalves and gastropods a

factor of two, and al other groups were given afactor of one.

The wet weight biomass of each species from the grab samples was converted to dry weight
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mass based on conversion constants in Waters (1977) and Rainer (1982):

Dry Weight = 0.16 Wet Weight
In generd, converson of various units of biomass to energy is possible because production is primarily
aphyigologica processthat is smilar for abroad range organisms from bacteriato mammas (Banse
and Mosher, 1980). For example, organic carbon is related to other units as follows:

1gC=10gLive=125gwet=2gDry = 1.9 g AFDW =20 g N = 0.004 g ATP=2.7 Kcdl

For calculation of production, 12 mgor taxonomic groups were considered. Species and taxa
groups that were not quantitatively surveyed by the garb sampling were not consdered, such as
decapods and echinodrems, even though they contributed significantly to overal community production.
Both ded video and trawl samples indicated decapods and to alesser extent echinoderms were
common throughout the study area. Thus our secondary production estimates should be considered
tota macroinfauna production.

3.2.12.3. Mapping
3.2.12.3.1. Point Maps
Point feature maps were produced using ESRI ArcView versons 3.1 and 3.2. Separate maps
were produced for the three Fenwick Shoals ROI's and the two Indian River ROl's. Maps are at
1:45000 sca e, unless otherwise specified.

3.2.12.3.2. Spatial Interpolation
IDW techniques - Two-dimensiond interpolations of point feature data were mapped using
inverse distance weighted squared technique with ArcView and the Spatid Andyst extenson. Fenwick
Shoals (FS) grid surfaces were created using 56 by 36 cell grid, with cell sizes of 0.0024 by 0.0024
degrees, and no correction for projection. Indian River (IR) grid surfaces were composed of 56 by 30
cdls, with cell sizes of 0.0024 by 0.0024 degrees, and no correction for projection. Each cdl is
approximately 265 m north-south by 210 m east-west.

3.2.12.3.3. Kriging
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Maps interpolated using ordinary kriging were produced using ArcView and the Avenue™
Script MB.View.Spatia Kriging (Boeringa, 1998) available from the ESRI website. FSkriged surfaces
were composed of 69 by 36 cdls, with cell sizes of 216.13 * 216.13 m, upon a Lambert Conformal
Conic projection. IR datawere not kriged.

3.2.12.35. Cokriging
Cokriging estimates were produced usng WinGSLIB(c) and GSLIB(c) routines (Statios LLC:
http://www.statios.com) (Deutsch and Journel, 1998). Mode parameters used for cokriging varied and
are included with the resultant maps.
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CHAPTER 4. RESULTS
4.1. Grab Sample Substrate Data

Sediment grain-sizes determined from grab subsamples indicated that the IR regions contained
larger grained sediments than the FS regions (Table 4.1-1). Sediments from 11 of the 14 IR grab
gations for which grain-gze analyss was done, conssted of over 10% grave (grain diameter >2 mm),
and six of those had over 20% gravel (Figure 4.1-1). Only four of the 36 FS grab stations for which
grain-size anadysis was done, had sediments composed of over 10% gravel, and al were less than 20%
gravel. Seven of the FS grab stations had dightly muddy sediments (clay + silt > 1%), and four of
those had muddy (>2%) sediments. Wheress, three of the IR grab stations had dightly muddy
sediments, and only one had muddy sediments (Table 4.1-1 and Figure 4.1-1).

From the sand fraction only, FS grab stations had a mean sand grain-size of 0.42 mm (SD +
0.19), and IR grab stations had a mean sand grain-size of 0.52 mm (£ 0.17) (Table 4.1-2).

4.2. Grab Sample Biological Data

4.2.1. Biological Data - Descriptive Summaries

4.2.1.1. 1998
4.2.1.1.1. Abundances

Among the 52 samples collected in May 1998, atota of 10,634 infaund individuas
representing 152 taxa were found (1998 data appendix). Infauna abundance varied about 780-fold,
ranging form 4 to 3,108 individual §/0.04 m2 (90 to 70,600/n¥). Lowest abundance occurred at
sations FS10.5D and FS12E, and highest at station FSO1G (Table 4.2-1). Mean (295% confidence
interva, Cl) abundance from al samples collected in 1998 was 204 (+129) individuas/0.04 n? and the
median was 78 (+42) individua§/0.04 n¥?. The large difference between the mean and median was a
function of the underlying non-norma distribution of aundance and three outlier sations with high
abundance (FS01G, HCS31, and FS04C).
Anndid worms were the most abundant mgjor infauna taxon among the May 1998 samples followed
by molluscs and crustaceans (Table 4.2-2). Anndlids accounted for >75% of the infauna a 19 stations,
with highest percentages, >90%, at three stations (Table 4.2-3). Molluscs were the overall second
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highest contributors to infauna abundance and were >50% of the infauna at two stations. Crustaceans,
the third most abundant mgjor taxon, were only relatively important contributors, >50%, at seven
gations with low tota infauna abundance, <40 individuas/0.04 ?. None of the other mgjor taxawas
an important contributor to abundance. At adightly finer taxonomic scale, oligochaetes were 15% of
the annelids and polychaetes 85%, gastropods were 3% of the molluscs and bivalves 97%, and

amphipods were 60% of the crustaceans.

4.2.1.1.2. Number of Species
The total number of species per sample collected in May 1998 varied about 10-fold, ranging
from 3 to 35 at station FS10.5D and IRO4E, respectively (Table 4.2-4). Mean (+95% CI) number of
gpecies from al samples collected in 1998 was 17.8 (+4.4) and the median was 17 (+5) species per

sample.

Among the mgor taxa collected in May 1998, overdl, anndlid worms contributed the highest
percentage of species (Table 4.2-5). Annelids accounted for from O to 85% of the species collected at
each station. Crustaceans and molluscs accounted for about 22-23% of the species, overall, and 0 to
about 50% of the species on an individual station bases. Within each of their respective mgor taxa,
polychaetes, amphipods, and bivalves provided the greatest contribution to species numbers.

4.2.1.1.3. Biomass

Among the 52 samples collected in May 1998, representing 10,634 infaund individuds, total wet
weight biomass was 214.8 g (1998 biomass data gppendix). Biomass varied by over 6,000-fold, ranging
form 14 mg to 88.6 g wet/0.04 m2 (0.3 to 2,000 g wet/n¥?). Lowest biomass occurred at station
FS10.5D and highest a IR05D (Table 4.2-6). Mean (£95% confidence interval, CI) biomass from dl
samples collected in 1998 was 4.1 (+4.5) g wet/0.04 n¥ and the median was 0.2 (+0.07) g wet/0.04 n?.
The large difference between the mean and median was a function of the underlying non-normd
distribution of biomass and outlier Sations that contained large individuals, most of which were molluscs,
such as stations IR05D and 1R05.5C (Table 4.2-6).

Molluscs made up most of the biomass in the May 1998 samples accounting for about 87% of
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the total biomass. The second highest contribution to biomass was from polychagetes, about 6%.
Gastropods and amphipods were about 3% and 1%, respectively (Table 4.2-7). All other taxa
contributed about 3% of the total biomass.

4.2.1.2. 1999
4.2.1.2.1. Abundances

Among the 20 samples collected in June 1999, atota of 6,145 infaund individuals representing
108 taxa were found (1999 data appendix). Infaunal abundance varied about 130-fold, ranging form
10 to 1,336 individuals/0.04 m2 (230 to 30,400/n7¥). Lowest abundance occurred at station FS12F,
and highest at station FS04C (Table 4.2.1). Mean (£95% Cl) abundance from al samples collected in
1999 was 307.2 (+162.8) individuals/0.04 n? and the median was 87.5 (+75.4) individua§/0.04 n.
The large difference between the mean and median was a function of the underlying non-normdal

digtribution of abundance and outlier sations with high density.

Anndid worms were the most abundant mgjor infauna taxon among the June 1999 samples
followed by crustaceans and molluscs (Table 4.2-2). Annelids accounted for >80% of the infauna at
four stations, with highest percentage of about 87% at station FSO7B2 (Table 4.2-3). Crustaceans and
molluscs were about equal contributors to infauna abundance and were >50% of the infauna at three
and five gtations, respectively. None of the other mgjor taxa was an important contributor to
abundance. At adightly finer taxonomic scale, oligochaetes were 8% of the anndlids and polychaetes
92%, gastropods were 8% of the molluscs and 92% bivalves, and amphipods were 92% of the

crustaceans.

4.2.1.2.2. Number of Species
The total number of species per sample collected in June 1999 varied about 7-fold, ranging
from 6 to 40 a station FSO4E and FSO7B2, respectively (Table 4.2-4). Mean (£95% Cl) number of
gpecies from al samples collected in 1999 was 20.4 (+4.6) and the median was 18.5 (+6) pecies per
sample.

Among the mgor taxa collected in June 1999, overdl, anndid worms contributed the highest



percentage of species (Table 4.2-2). Annelids accounted for from O to 65% of the species collected at
each gtation. Crustaceans and molluscs accounted for about 20-21% of the species, overdl, and <5 to
about 60% of the species at each dtation (Table 4.2-5). Within each of their respective mgjor taxa,
polychaetes, amphipods, and bivalves typically provided the greatest contribution to species numbers.

4.2.1.2.3. Biomass

Among the 20 samples collected in June 1999, representing 6,145 infaund individuds, total wet
weight biomass was 214.8 g (1998 biomass data gppendix). Biomass varied by over 6,000-fold,
ranging form 14 mg to 88.6 g wet/0.04 m2 (0.3 to 2,000 g wet/n7). Lowest biomass occurred a station
FS10.5D and highest a IR05D (Table 4.2.6). Mean (£95% confidence interval, Cl) biomass from all
samples collected in 1998 was 4.1 (+4.5) g wet/0.04 n¥ and the median was 0.2 (+0.07) g wet/0.04 n.
The large difference between the mean and median was a function of the underlying non-normdal
distribution of biomass and outlier sations that contained large individuals, most of which were molluscs,
such as gtations IRO5D and IR05.5C (Table 4.2-6).

Molluscs made up most of the biomassin the June 1999 samples accounting for about 64% of
the total biomass. The second highest contribution to biomass was from polychaetes, about 24%.
Amphipods and gastropods were 6% and 3%, respectively (Table 4.2-7). Cephaochordates were
about 1% of the biomass and al other taxa contributed about 2% of the total biomass.

4.2.2. Biological Data - Community Structure and Function
4.2.2.1. Diversity and Evenness

As measured by the Shannon index (H’), diversity among individua stations collected in May
1998 varied from 0.44 at station FSO1G to 4.00 at station IR04B (Table 4.2-8). Species Richness
(SR), Evenness (J), and Simpson Dominance (d) among stations ranged widely from about 1.0to 4.1,
0.1t01.0,and 0.1t0 0.9, respectively. Asdiversity increased, SR (r =0.78 p=<0.001) and J (r =
0.51 p =<0.001) aso increased whiled (r =-0.91 p = <0.001) declined.

Diversty among individua stations collected in June 1999 varied from 1.70 at station FS10B to
4,00 at station FSO8D (Table 4.2.8). Species Richness (SR), Evenness (J), and Simpson Dominance



(d) among dations ranged widdly from about 1.0to 4.1, 0.1 t0 1.0, and 0.1 to 0.9, respectively. Asin
May 1998, diversity in June 1999 was correlated to SR (r = 0.68 p = 0.001), J (r = 0.54 p = 0.013),
andd (r =-0.89 p=<0.001). At station FSO7B the three replicate grabs, collected to evauate within-
dation variation, had very consistent diversity vaues (Table 4.2.8).

4.2.2.2. Numbersof Taxa and Species

The total number of taxa from May 1998 and June 1999 included in the andlysis of infaunawas
166. Criteriafor incluson are described in the methods (Section 3.2.10.1 Preliminary Data
Treatment). In May 1998, 152 taxa were collected and 102 in the June 1999 collections. The
mgority of taxa were identified to species leve (141 speciesin the 166 taxa collected). Of the 25 non-
gpeciestaxa 19 were a the generic level and the other 6 a higher taxonomic levels, such as
Oligochaeta. The lower number of taxain the June 1999 collections reflects the strong species-area
relaionship know to exist in marine systems (Sanders, 1968; Hurlbert 1971). In generd, the larger the
area sampled the more species encountered, up to an asymptotic level that would characterize the total
pecies divergty for asysem. The didribution of individuas among the species followed the classica
log-normal distribution of species occurrence (Hurlbert, 1971). The mgority of species, about 54%,
occurred in fewer than five of the 72 stations occupied (Figure 4.2-1).

4.2.2.3 Cluster Analysis
Clugter andysis of the 1998 and 1999 infaund data, al 72 grab stations, segregated the stations
into five dissmilar groups, which were subdivided into atota of 11 subgroups (Figure 4.2-2), and
gpeciesinto six dissmilar groups (Figure 4.2-3).

The basic patterns in both cluster analyses gppeared to be controlled by species-habitat or
pecies-sediment preferences. Year to year difference among the stations was minimd with only a
subset of gtation group D being exclusively composed of 1999 gations. Subgroup D’ was composed
of five stations from Fenwick Shoadsthat were dl sampled in 1999. An andysis of only the 18 gations
sampled both in 1998 and 1999, using the same methods, yieded four dissmilar groups none of which
were composed of gations from asingle year (Figure 4.2-4). For 15 of these 18 stations, both years



occurred within the same duster group indicating a srong quditative and quantitative smilarity of fauna
between years. Stations FS12F and FS13F split years between cluster groups primarily dueto
quantitative differences between species present, variation in numbers of the same species. Station
FSO8E split years due to qualitative differences with a doubling of species from 1998 to 1999.

Station group A, from the combined andysis of al data (Figure 4.2-2), was the largest group
being composed of 28 stations from the BB, IR, and FS areas. Group A stations had high species
richness (SR) but low total abundance. Median and mean Shannon diversity, H', was highest for
gation group A (Figure 4.2-5). Apogteriori contrast of richness, however, did not find station group A
to be significantly different for other high species richness groups (groups B and E) but did find group A
to be sgnificantly higher than lower richness groups C and D. Three stations from group A (BB04,
FS10B, and IR09C) had low H’ due to low evenness, J, and a high degree of dominance, d, of afew
taxa such as oligochaetes and Brania wellfleetensis. These three stations consistently appear in Figure
4.25asoutliersintheH’, J, and d boxplots. Thelast two stations to join group A (FS10B and
FS12B) were weekly associated with other stationsin group A and had lower H', J, and SR (Table
428).

Station group B was composed of eight FS stations smilar in characterigtics to group A, except
group B while having smilar total species occurrence had lower SR and H'. Group C was composed
of three FS stations and represented areas with lowest total abundance and species occurrence, SR,
and H'. Group C had high J and highest d of al station groups. Station group D was composed of 11
gations (10 from FS and one from IR) with low abundance and intermediate vaues for most of the
other community structure measures, including numbers of species, SR, H', and d. The only exception
was station FS04C, which was an outlier with higher abundance and lower J (Figure 4.2-5). Average
and median J for group D was highest of dl station groups. Group D aso had the strongest year-to-
year difference with subgroup D’ composed of five FS gations from 1999. As explained above, this
yearly sgnd was caused by within year smilarity of stations not sampled both years.

Station group E was composed of 12 gations from FS, IR, and the sngle HCS station. Group



E represented station with highest abundance and species occurrences. Aposteriori contrast of
abundance and species, however, did not find sation group E to be significantly different for other
groups A and B which aso had high abundance and speciestotals, but did find group E to be
ggnificantly higher than groups C and D for these parameters. Within group E, five saionsfrom IR
formed a separate subgroup (E' ') that had higher H' and J and much lower total abundance than
group E’ stations. Overadl, stations from IR tended to have lower abundance than FS (Table 4.2.2).

Species groups formed primarily around subtle differencesin sediment preference. Species
groupsl, 11, and 111 tended to be representative of coarse sediment stations while groups 1V, V, and VI
represented finer sediment stations. Noda analysis of the station/species data matrix indicated that
species group | had a high constancy and fidelity to station group B (Table 4.2-9). Species group |l
was most associated with station group A. Species group |1 was not characteristic of any single
gtation group, but occurred across dl station groups with low constancy and fiddity. Species group IV,
which contained the highest abundance species, such as Spiophanes bombyx, was strongly associated
with al of station group E. Both species groups V and VI were highly associated with station group E”
(Table 4.2-9).

4.2.2.4. Dominant Species

While atota of 166 taxawere collected over both cruises, only 31 taxa occurred at >20% (at
least 15 of 72) of the stations (Table 4.2-10). By comparison, the median number of station
occurrences for a taxa was four and about 28% of the taxa occurred once. Of the top 31 taxa,
oligochaete worms were most widely distributed and occurred at about 80% of the stations. Thistaxa
represents a least two families of oligochaetes (Tubificidae and Enchytragidae) and many species. As
agroup oligocheetes are diverse on the middle Atlantic continenta shelf (Diaz et d., 1987) and difficult
to identify. Two other mgor taxonomic groups, which could not be speciated, were among the
occurrence dominants; anthozoans or sea anemonies (21%) and nemertiean worms (76%). Thirteen
polychaetes were among the top occurring taxa being found at about 55 to 21% of the stations. Of the
gx occurrence dominant bivalves, Tellina spp. was found at 65% of the stations while the rest occurred
at 32 to 21%. Crusteaceans were represented by eight taxa that occurred at from 42 to 21% of the
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gations. The cephal ochordate Branchiostoma caribaeum, or sand lance, occurred a 25% of the

gations.

4.2.2.4.1. By Abundances

Totd abundance of taxa was digtributed in a Smilar manner as species with most taxa being
rare. About 52% of dl taxa had atota abundance of <10 individuas at al stations, combining both
cruises (Table 4.2-11). One taxon dominated both cruises. The polychaete Spiophanes bombyx
accounted for about 35% of dl individuas collected. The next closes taxa was oligochaeta being about
10% of dl individuas and no other taxa represented more than 5%. 1f the overwhelming dominance of
Spi ophanes bombyx was removed than three additional taxa were >5% of the individuas (Table 4.2-
11). Thetop 26 taxa, each being at least 1% of individuals for one cruise, cumulatively represented
86% of dl individuas. Of these taxa polychaetes represented 15, bivalves five, and crustaceans four.

Oligochaeta and Nemertinea were aso included.

4.2.2.4.2. By Biomass

Wet weight biomass was dominated by the bivalve Spisula solidissima, the surf clam, which
composed about 65% of the total biomass for both cruises (Table 4.2-12). The next top 23 taxawith
>0.5 g wet wt/0.04 nm? were about 30% of the total biomass. Bivalves were the major contributors to
biomass, eight being in the top 24 taxa, followed by eight polychaetes, two gastropods, nemerteans,
one cephal ochordate, three amphipods, and one isopod. The dominant biomass taxa aso tended to
have the largest mean individua weights, but there were another 14 taxa that while not dominant (>0.5
g wet wt/0.04 n¥) had mean individual weights >20 mg wet wt (Table 4.2-12). This group included
three bivalves, three amphipods, and eight polychaetes.

4.2.2.5 Dominant Community Groups
Ten taxa were consdered to be overdl dominants within the study site (Table 4.2-13). These
overal dominants were defined as the taxa that gppeared on dl three lists of dominant taxa (occurrence

Table 4.2-10, abundance Table 4.2-11, and biomass Table 4.2-12). The relationship between



dominant taxa (those that occurred at >20% of the stations, were >1% of the individuadsfor at least
cruise, and had >0.5 g totd wet weight biomass) and cluster analysi's species groups was primarily
related to sediment grain-size with Nemerting, Astarte spp., Crenella glandula, Mytilus edulis, and
Byblis serrata characteristic of coarser grained sediments that had significant amounts of gravel or
coarse-sands. Asabellides oculata, Spio setosa, Spiophanes bombyx, Tellina spp., and Unciola
irroratawere dl associated with finer grained sediments that had significant amounts of fine-sands or
even glits. All of these top dominants were broadly distributed but the coarser sediment dominants had
highest fiddity within cluster station groups A and B, which represented most of the coarse sediment
gations, and finer sediment dominants had highest fideity within cluster groups D and E (Table 4.2-14).

Similar preferences for sediment type were seen among other important taxa. The exception
was the Oligochaeta taxon that likely represented a multispecies mix of at least 10 species. Diaz et al.
(1987) found the species richness of oligochagetes to be high on the shdlow Middle Atlantic continental
shelf. Oligochaeta was an occurrence and abundance dominant at al cluster station groups, except C
(Table 4.2-14). Group C was composed of three Fenwick Shoals stations (FS02.5 and FS13E from
May and FSO3E from September) that were depauperate relative to other station groups.

4.2.2.6 LifeHistory Attributes

The dominant taxa represented a broad range of life history traits (Appendix B and summarized
in Table 4.2-15). In generd, the literature indicates that shallow continental shelf macrobenthic
communities are controlled primarily by sediment grain-size and bottom topography. The life histories
of the dominants reflect this physica processes control of species digtributions with many of the taxa
rediricted to either coarse sands or fine sands. The feeding type of the mgority of the dominants was
ether suspension feeders, common in high energy and high particulate habitats, or carnivorous. Deposit
feeders played aless prominent role, areflection of the lack of fine sediment depositiond areas within
the sudy area. The mgority of the dominants had some ability to move being free-burrower like
nemertean worms, tube builders with mobility like the amphipod Ampelisca spp., or mobile surface

dwelerslike the cumacean Oxyurostylis smithi. Overdl, the predominance of mobile faunareflects
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the dynamic nature of shdlow continentd shelf habitats.

Dominants could be separated into two basic spawning modes, discrete spawners that have
one or two spawns per year like the surf clam Spisula solidissima and multiple event spawners like the
polychaete Aphel ochaeta sp. (Table 4.2-15). Typicaly the spawning mode matches a specieslarval
development mode and life span, with annua species (completeslife cycle in ayear or less) that have
planktonic larvae spawning once during the year. Annua species that brood typicaly have multiple
spawning events during the year. Longer-lived, greater than one year, species tend to spawn once or

twice ayear.

The potentia of a gpecies to recolonize an area that has been mined for its sand resources will
primarily be afunction of itslife history traits. The traits summarized in Table 4.2-15 were eva uated
and arecruitment or recolonization potential was determined for each species. Unfortunately, the life
histories of many species are not well known. Of the 37 taxa and species considered, complete
information the life history table was only found for 16 species. Three categories of recolonization
potential were considered based on season; Y ear Round (Y R), Spring/Summer (SS), and Fall/Winter
(FW). A specieswas consdered to be agood YR colonizer if it had abroad range of sediment
preferences, spawned more than once a year over severd seasons, and was an annual. Any species
with good mohility or digpersal was considered agood colonizer. For example, oligochaetes while
smadl and not able to move long distances on their own can recolonize a habitat as adults any time of the
year by being carried dong as part of the bed load transport. Thus storm conditions would ad in the
dispersal of oligochaetes. Poor YR colonizers were considered those species that spawned once per
year and recruited over a single season to alimited range of sediment types. Good SS or FW
colonizers were those species that recruited during spring/summer or fal/winter, respectively, and had
good mobility. A total of 15 species were considered to be good and 18 poor YR colonizers. Of the
18 poor YR colonizers, eight were good SS colonizers and seven good FW colonizers (Table 4.2-15).
We had insufficient information to categorize four of the dominant taxa.

Taxonomically the best Y R recolonizers were Nemerteans, oligochaetes, gastropods,



cumaceans, and cepha ochordates, each for a particular life history trait. Amphipods, in generd, were
poor Y R recolonizers mainly because of limited reproductive periods, which made the five species
good SS colonizers. Anemonies was the only taxonomic group considered to be a poor recolonizer for
any season. Bivaves and polychaetes were split between good and poor Y R recolonizers with haf of
the bivalves and about one-third of the polychaetes consdered good YR colonizers. The three poor
YR bivave species were considered to be good FW colonizers. Among the poor YR polychaetes,
three were good SS, three were good FW, and three could not be assigned a good recruitment season
(Table 4.2-15).

4.3. Fish Trawls

4.3.1. Fish Assemblages

On the May 1999 cruise a metered beam trawl was used to assess fish use in the four major
habitat types delinesated by the June 1998 data. The four habitats were the northeast seaward flank of
the shod (NE) primarily coarser sands with gravel and shdll hash, the northwest shoreward face of the
shod (NW) primarily medium and fine sands with some shell hash, the southeast seaward trough (SE)
where surface sediments medium and fine sands and dominated by Diopatra tubes, and the southwest
shoreward trough (SW) where surface sediments were finer sands with some silt and dominated by
Asabellides tubes. The first two habitats represent physicaly dominated bottom with little evidence of
biologica control over habitat characterigtics. The last two habitats represent biologically dominated
bottom and are named after the predominant biogenic structure present. Both species are polychaetes
that construct large tubes, Diopatra uses fragments of organic debris and shdll, Asabellides usesfine
sand. Trawlswere conducted during both day and night at two locations within each habitat type
(Figure 4.3-1). Within each habitat four trawls were collected during the day and four & night to
evauate diurnd patterns of habitat use.

A totd of 333 fish representing 20 species were collected at the four habitats dong with 35
species of invertebrates (Table 4.3-1, 4.3-2). The most abundant fish was the hake, Urophycisregia,
followed by the Etropus microstomus. Together they were about 70% of the fish caught and common
members of the shdlow continental shelf fish assemblages (Able and Fahay, 1998). Clugter andysis of
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the fishes grouped by habitat and day/night trawls indicated that there were day/night differencesin fish
caught in the SW Asabellides tube and NW sand habitats. Two of the five species groups were
associated with the SW Asabel lides tube habitat. Species group D being six species mostly associated
with day trawlsin the SW Asabellides tube habitat. Group E was four species caught only at night in
the SW Asabellides tube habitat (Figure 4.3-2). Group C was primarily a night time group of three
species mostly associated with the NW sand habitat. Species group B were day/night species from the
NW sand and SE Diopatra habitat. Group A was the numericaly dominant species that occurred in
al habitats both day and night (Table 4.3-1, Figure 4.3-2).

The association of fishes between habitats appeared to be related to sediment grain-size, bed
roughness, and presence of biogenic structure. Cluster andysis indicated that both the NE coarser
sand/gravel and SE Diopatra tube habitats had the similar fish assemblages (Cluster group |, Figure
4.3-3). The NW sand habitat (group I1) fish assemblage was most smilar to the more dynamic sandy
habitats represented in group | (Figure 4.3-3). The SW Asabellides tube habitat (group 111) wasthe
most dissmilar of the four habitat types.

The trawl dso collected many mobile and sessile invertebrates (Table 4.3-2) that were not
collected quantitetively by the grab. The most abundant being Pagurus spp., Libinia emarginata, and
Cancer irroratus crabs. Large gastropods Busycon canaliculatum and Polinices spp. were also
collected. Other large collected were the infauna bivalves Spisula solidissma and Ensis directus that
are know to jump out of the sediment in response to a disturbance. Astarte sop. dso abivave known
to lie on the sediment surface was collected aong with the echinoderms Asterias spp. and
Echinarachnius parma. Overdl, crabs were most abundant in the habitats with biogenic structure,
SW Asabellides and SE Diopatra tube habitats, and appeared to be using these habitats as nursery
areas gnce the most of the individuds were smdl (<5 cm). Other pecies were broadly distributed
across dl habitats such as Nudibranchs, Pagurus spp., Crangon septemspinosa, and Asterias sp.
The two species that appeared to prefer the sandy more dynamic habitats were Polinices spp. and

Echinarachnius parma.
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4.3.2. Fish Gut Content
Gut content was andyzed for the three fish species that were dominants and occurred in dl four trawled
areas (Table 4.3.1). Overdl, Urophycis regia was the most abundant species collected with 78 guts
from fish that ranged from 43 to 215 mm were examined. A totd of 36 gutsfrom Etropus
microstomus that were 42 to 125 mm and 22 guts from Prionotus carolinus that ranged from 47 to
200 mm were dso examined. All these fish represented young of the year or year class +1 individuas.
A tota of 45 taxawere identified from the guts of these three fishes (Table 4.3-3). The most numerous
food items were epifauna or near surface infauna species in the decapod, amphipod, and mysid
taxonomic groups and accounted for over 90% of al gut items and biomass. Because the fish were all
small, totd range of 42 to 215 mm, the average size of the food items was dso smal being about 3t0 9
mg wet weight. Polychaetes and other soft bodied taxa were not well represented in the gut content
likely because of rgpid digestion. Only large individuals were recognizable in the guts. The average wet
weight of the polychaetes found in the guts was 25 mg that was 16 mg larger then the grand average
individua weight (9 mg) of dl polychaetes collected in the grab samples.

Basad on the gut content andys's, benthic habitats with high numbers of epifauna, particularly
crustaceans, and amphipods would have higher resource vaue then habitats without epifauna
Epifaund species, those that live on or near the sediment surface, were the most common food itemin
the scomachs of the fish examined. The presence of abundant epifauna, such as mysid shrimp and
Crangon septemspinosa, in an areawould then attract fishes and provide more resource value relative
to areas with little to no epifauna. Unfortunatdy, the grab sampler did not quantify the abundance of
many of the mobile epifaunad species, for example mysids or the amdl shrimp Cragnon septemspinosa
that turned out to be the most abundant species found in the guts. The second most abundant food item
were the gphipods, which quantified with the grab. Most of the aphipods were ether surface tube
builders (Ampelisca and Unciola) or shalow free burrowing infaund species like the haugtorids. The
distribution of amphipods around Fenwick Shoa as characterized by grab samples corresponded well

with their occurrencein fish guts.

4.4. SPI Image Analysis Data



4.4.1. Standard SPI Analysis Data

Sediment profile image andysis produced measures of sediment type, sediment-weter interface
properties, and biogeochemicd features, and counts of organisms and biogenic features. These data
formed the bases for many of the benthic habitat maps in the Map appendix and are contained on the
CD-ROM gppendix. For dl of the SPI parameters, their soatid variability is often more informative
than the descriptive statistics described here, and the maps below have been included to synthesize the
gpatid patterns. Example images depicting the range of benthic habitats found can be found in Figures
4.4-11t04.4-5.

RPD: Inthe Fenwick Shods Regions, 1998 apparent color redox potentia discontinuity layer
depth (RPD) averaged 7.8 cm (SD=3.2; SE=0.3). Along the SPI transects in the Fenwick Shoals
Region, 1999 average RPD was 6.1 cm (3.0; 0.3). Inthe Indian River Regions, 1998 average RPD
was 7.4 cm (3.3; 0.5). See Map appendix.

The lower average RPD in the FS Regions in 1999 was a result of sampling locations. The
1998 data represent broad coverage with samples taken at approximately 500 to 1000 m spacing. In
1999, SPI images were collected along severd transects at short intervas, typicaly less than 50 m.
Also, the 1999 transects were focused upon transition zones, where steep gradients in substrate

properties occurred over short distances.

Prism Penetration: Average prism penetration into the substrate for Fenwick Shoals Regions,
1998 was 8.3 cm (3.2; 0.3). Along the SPI transects in the Fenwick Shoals Region, 1999 average
penetration was 6.8 cm (3.4; 0.3). Inthe Indian River Regions, 1998 average was 7.2 cm (3.2; 0.4).

Vigble Infauna: Infaunawere observed inimages at 13 stationsin Fenwick Shoas Regions,
1998, at three gtations dong the SPI transects in the Fenwick Shoas Region, 1999, and at three
gationsin the Indian River Regions, 1998. Most of the infauna organisms appeared to be free-
burrowing polychaete or nemertean worms and associated with the more physicaly dominated habitats.



Infaunal Feeding Voids: Few voidswere observed overdl. Voids were present in images a
2 dationsin Fenwick Shoals Regions, 1998, at 5 stations aong the SPI transects in the Fenwick Shods
Region, 1999, and a two dationsin the Indian River Regions, 1998. The development of voidsis very
much related to grain-size in particular the fine (slt-clay) content. Sediments with less than 10% fines
typicaly do not support void structures (Diaz and Schaffner, 1988).

Fecal Pellets: Fecd pelets were present in images at 18 gations in the Fenwick Shods
Regions, 1998, at 21 dations dong the SPI transects in the Fenwick Shoas Region, 1999, and at
seven gaionsin the Indian River Regions, 1998.

Sediment-Water Interface Réelief: Inthe Fenwick Shoals Regions, 1998 sediment-water
interface (SWI) rdlief averaged 2.3 cm (SD =1.5; SE = 0.1). The origins of SWI relief, or roughness,
generally could be attributed to one or a combination of four factors. bedforms (wave and/or current-
induced sand ripples), sediment grains, or biogenic structures, or shell (whole, fragments, or hash) (See
Map Atlas). Inthe FS Regions, 1998 SWI relief was dominated by ripples a 126 of 154 SPI stations
andyzed for relief. In the FS Regions, 1998 biogenic features or reworked bedforms were sometimes
gpparent, resulting in 33 of 154 gtations where biogenic features were independently or co-responsible
for SWI rdief, typicdly in the deeper, muddier areas (See Map Atlas). Sediment grains, generaly
pebbles, dominated SWI relief at eight of the 154 gtations in the FS Regions, 1998.

In the Indian River Regions, 1998 average SWI relief was 2.6 cm (SD = 1.4; SE=0.2). Inthe
IR Regions SWI rdief was dominated by ripples a 35 of the 61 SPI dations andyzed for relief.
Biogenic roughness dominated at only four of the 61 stations, and grain roughness dominated at 26 of
the 61 gation in the IR Regions.

4.4.2. SPI Grain-size Analysis
Sediment grain-size determinations made using SPI images were performed by visudly
classfying sedimentsinto Wentworth size classes, including mixed classes, the range of observed

classes are presented in Figure 4.4-6. Size classes were converted to millimeter Size estimates using



Folk's (1974) scheme. The median vaue for the primary sediment class was taken asthe initid value,
then adjusted by the number of size steps larger or smaller dependent on the number of Size class
differences between the primary and secondary sediment components. For example, a sediment
classfication of medium sandy coarse sand (mscs) indicated coarse sand as the primary component and
medium sand as the secondary component. The median size value for coarse sand was 0.71 mm, but
since the secondary component was medium sand, the value from the next lower size step, 0.59 mm,
would be used. Had the secondary component been fine sand, two size classes lower than coarse
sand, the value of 0.5 mm that was two Sze steps smaler would have been used. The size classes and
converted Size estimates as well as more genera descriptions of the sediment types and coarseness are

presented in Table (4.4-1).

4.4.3. Comparison of SPI and Grab Grain-sze Deter minations

The agreement between grain-size estimates from SPl images and those from grab samples was
good. SPI and grab grain-sizes were compared using paired t-test for stations where only sandy
sediments were found; where zero percent or negligible amounts of clay, slt, or gravel were present.
Direct comparison was made for samples containing only sandy sediments because the Rapid Sediment
Andyzer (RSA) results characterized the entire grain-size distribution for those sediments only.
Twenty-seven of the stations met these criteria. A paired t-test between square-root transformed mean
grain-size from the RSA anadyss and square-root transformed moda grain-size from SPI

determinations showed no sgnificant difference (p=0.70).

A linear regression of the square-root transformed data, excluding an outlier from station
FS09D, reved's the relationship for sandy sediments.

%(Mean Grab RSA Grain-size (mm)) = 0.284 + 0.506* (%(Moda SPI Grain-sze (mm)))

(df = 24, R-square = 0.53, p = 0.0001).

The grain-sze relationship is presented in Figure 4.4-7, after forcing the line through the origin. When
sorting is accounted for by multiple linear regression of the square-root transformed grain-size data, the
relationship isimproved. The mode for dl grab sation samplesis

%(Mean Grab RSA Grain-size (mm)) = 0.906 +0.224* (%(Modd SPI Grain-sze (mm)))



-0.699* (Sorting Vdue in mm from RSA, "SIMM™")
(R-square = 0.60, p = 0.0001).

4.5. Sled Still Image Analysis Data

Sed Hill image data were used to augment many of the benthic habitat maps contained in the
Map appendix and dso to confirm modeed surface sediment grain-size maps. A range of different
benthic habitats were documented from physically dominated coarse sands (Figure 4.5-1) to
biologically dominated very-fine to fine-sands (Figure 4.5-2).

4.6. Video Image Analysis Data

Video image data from the 1998 and 1999 ded tows produced detailed information on physical
and biologicd characteristics of the bottom over broad-scales (> Km). These data were used to
augment many of the benthic habitat maps contained in the Map appendix. The datafiles from the ded
video andlysis are contained in the CD-ROM gppendix.

4.7. Regional Condition Data

4.7.1. NOAA Buoy Data

1998: Surface water temperature records from archived data from NOAA buoy 44009, for
1998 are summarized in the graph in Figure 4.7-1 a. Water temperature from the period during the
1998 sampling cruise are presented in Figure 4.7-1 b. Average surface water temperature during the

1998 cruise (May 17-21, 1998) was 14.3 EC (SD=1.5).

1999: Surface water temperature records from archived data from NOAA buoy 44009, for
1999 are summarized in the graph in Figure. Average surface water temperature during the 1999
cruise (June 12-17, 1999) was 18.8 EC (SD=0.3).

4.8. Biological Resource I nformation
4.8.1. Indicesand Derived Statistics. SPI-based BHQ and SBHQ
Overdl BHQ vauesfor 1998 ranged from 1 to 13 and averaged 5.6 (SD= 1.76, CV= 31.19;
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SD: Standard Deviation, CV: Coefficient of Variation). Inthe Indian River Regions, 1998 BHQ vaues
ranged from 1 to 8 and averaged 5.0 (SD= 1.26, CV=25.09). In the Fenwick Shoals Regions, 1998
BHQ vauesranged from 1 to 13 and averaged 5.8 (SD= 1.86, CV=31.77). While the overal range
of the SBHQ for 1998 was the same as the BHQ, the averaged SBHQ was consistently lower being
3.2 (SD=1.81, Cv=55.79). IntheIndian River Regions, 1998 SBHQ values ranged from 2 to 6 and
averaged 2.8 (SD= 0.91, CV=32.40).

In the Fenwick Shoals Regions, 1998 SBHQ vauesranged from 1 to 13 and averaged 3.4
(SD=1.99, Cv=58.97). For 1999, BHQ values ranged from 1 to 12 and averaged 5.6 (SD= 2.07,
CV=36.66). The 1999 SBHQ vauesranged from 1 to 11 and averaged 3.1 (SD= 2.07, CV=65.93)
(Dataon CD-ROM). Overall, for combined data from 1998 and 1999, BHQ ranged from 1 to 13 and
averaged 5.6 (SD= 1.88, CV=33.29). SBHQ ranged from 1 to 13, averaging 3.2 (SD=1.90, CV=
59.14).

In generd, within the IR Regions the BHQ and SBHQ were low and exhibited little spatid
variation (Figures 4.8-1aand 4.8-1b). In the FS Regions both the BHQ and SBHQ were lower on the
shodls, especidly in the central area and on northwest faces of the shods, and were higher in the valleys
between and deeper regions just inshore and offshore from the shoa's (Figures 4.8-2a and 4.8-2b).
This basic pattern of lower BHQ and SBHQ vaues on the shdlow shods and higher vauesin the
deeper less physicaly dynamic aress is reated the concentration of biogenic features in the deeper
more protected areas and corresponds with the clines of lower bottom energy reflected in the grain-Sze

distributions.

4.9. Habitat Classification and Resour ce Value Results, Secondary Production

To ascribe potentid for disturbing ecosystem energy flow we have incorporated an estimate of
secondary production into our assessment of impacts from sand mining on benthic resources. Benthic
habitats are congpicuous Sites for focusing and transformation of biologica energy and are an integra
part of ecosystem function. Congderation of energy flow isimportant because, in generd, the annud
income and outgo of energy to an ecosysem isin baance. Thisis most true for physical budgets (i.e.



Temperature). For biologica budgets, a portion of the biomass of long-lived speciesis carried over to
the next year, but since this occurs every year there is dso agenera baance in the biologica budgets of
an ecosystem. Lindeman (1942) was one of the first to consider this overal flow and baance of matter
in an energetic sense. Thusin assessing impacts from disturbance, such as sand mining, it isthe
energetic transformations that occur between and within portions of an ecosystem through time that are

most important for informed management of resources.

Measurements of biomass or standing stock while important in comparing immediately available
energy are quite inadequate for purposes of predicting rates of predator cropping, yield, or growth.
For example, without informeation on production it is not possible to predict if the food supply of benthic
feeding fishes has been impacted.

The range in infaund production estimated for al 1998 and 1999 grab Sationswas 0.2 to
159.0 and 1.3t0 59.1 g DW m? y'%, respectively (Tables 4.9-1 and 4.9-2). However, the differences
between years for the 18 stations sampled both years was less pronounced and indicted that broad
scae spatid variation in production related to benthic habitat type was greater than both time and small
scae variation within habitat types. The range for the 18 stations sampled both years was 0.3 to 86.5 g
DW mi2 y! for 1998 and 1.3 t0 58.0 g DW m1? y'* for 1999. Average production at these 18 stations
indicated that overal secondary production in 1999 may have been dightly higher than in 1998 by
about 1 g DW mi? y. While not asignificant difference, 14 of the 18 stations may have had higher
productivity in 1999 over 1998. Within station variation in production for both years (0.3t029.4 g
DW mi? y't) was smaller than between stations for either year. FS02 and FS04 had consistently high
production both years. Other high production stations were FSO01G, 1R05, IR05.5, and HCS31 in
1998 and FSO7B in 1999. Since interannud differences in production did not appear to be significant,
we averaged the two years for the purposes of assessing regiona and habitat productivity differences
(Table 4.9-3).

Taxonomicaly, bivaves had the highest productivity in both years and accounted for 68% of
the total production in 1998 and 49% in 1999. Polychaetes were second most productive with 21%
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and 33% of the total in 1998 and 1999, respectively. All crustaceans combined accounted for 5% and
13% of the production for both years. The remaining seven taxonomic groups accounted for about 7 to
8% of the production. Since productivity by mgor taxafor both years was asmilar the data were
combined and averaged to represent the basic macroinfauna secondary productivity of the habitats
within the study area. Overdl, bivaves were about 65%, polychaetes and other worms about 24%, dl
crustacean taxa about 6%, gastropods about 3%, and anemonies and cepha ochordates about 1% of
the total secondary production within the sudy area (Table 4.9-3).

The high productivity of bivalves was due to rapid growth rates of large numbers of smdll
young-of-the-year (YQY) individuals. For example, at sations FS02C and FS04C there were
hundreds of smadl bivalvesin the grab samples. Only at stations IR05C and IR05.5C was bivave
production due to growth of larger (+1 year old) individuas. Itislikey that smal YOY bivavesarea
sgnificant source of food for many invertebrate (crabs, nemerteans) and fish predators.  Settlement of
bivavesinto a habitat would contribute significantly to higher habitat vaue from an energetic sandpoint.
Large bivaves, which were not sampled with the grab, would aso contribute sgnificantly to habitat
vaue both ecologicaly and commercidly. Some larger benthic predators, for example rays, whelks
and garfish, feed directly on these larger bivalves.

Polychaetes and other worms, including oligochaetes, phoronids, sipunculids, and nemerteans,
were the numericaly dominant taxonomic groups (75 to 80% of dl individuas) but their productivity
was second to bivaves because of their smaler mean individua weight. Stations with highest worm
productivity had large numbers of small individuds, over 25,000 individuas m2. For example, FS01G
with >76,000 individuals n1? and HCS31 with >26,000 had the highest worm productivity of 32.6 and
36.1 g DW m? y?, respectively (Table 4.9-3).

While crustaceans, including amphipods, isopods, mysids, cumaceans, and tanaids, where the
third most productive group they were very important in the diet of bottom feeding fishes (Table 4.9-4).
In part this was due to the dower digestion of their exoskletons that made crustaceans more

recognizable in the somach contents. Worms and other soft-bodied faunatend to be less obviousin



stomach content and consequently their importance in the diet of fishesis usudly underestimated.
Habitats high in crustacean numbers would then be more vauable habitat for bottom feeding fishes. In
particular amphipods, which accounted for about 70% of the crustaceans production, were common
prey. Mysidswere also important food items but were not quantified by the grab samples.

The dynamic nature secondary production and its contribution to energy flow through an
ecosystem can be expressed by the production to biomassratio (P/B). The main attraction of the PIB
or turnover ratio isits potentiad to characterize, for various species and habitats, the magnitude of
production and express productivity independent of the stlanding stock (biomass). It is caled turnover
ratio because the number arrived at seems intuitively to be the number of times the population biomass
turns over for a specific period. The unitsof P/B arey. It expresses the number of times that the
biomass could possibly change for the period studied relative to tota biomass produced. In generd,
the higher the P/B ratio the higher the energy flow. A lower production but higher P/B taxa could be as
important at the ecosystem level as quantitatively more productive but lower P/B taxa. On average
oligochaetes had the highest P/B ratio of 8.9 (SD = 1.3), which basicaly means that over the period of
ayear the biomass of oligochaetes turns over about 9 times. Lowest P/B rétios were associated with
areas dominated by larger longer-lived individuas such as IR05D and IR05.5C where the bivave P/IB
ratio was 0.4. Overdl, the bivave P/B ratio was 3.9 (2.1) indicating the dominance of smdl YOY
individuas (Table 4.9-5).

The magnitude of P/B is related to a combination of both life-higtory traits of the individua
gpecies and physica environmenta conditions. This property of PIB makes it useful for expressesthe
relationship between habitat conditions and biologica response. Discriminant analysis was used to test
if the pattern in the digtribution of P/B ratios corresponded to sediment type and cluster analysi's groups,
both of which are the mgor determinant and expression of benthic habitat conditions. For the sediment
discrimination 48 tations were included, four stations were missing sediment data, and seven sediment
type groups defined that ranged from coarse-sand to muddy-fine-sand. The pattern in the mgjor taxa
P/B ratios closdy corresponded to sediment type with 92% of the stations remaining with their origind

gran-sze group. Misclassfication occurred four times among the coarser sediment stations (Table 4.9
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6). Of the 16 coarse-sand stations predicted group membership changed for two stations. Station
FSO7F was classified to the fine-sand group and BB04 to the gravel-coarse-sand group. One fine-

sand station (FSO7F) and one gravel-coarse-sand station (FS10A) were classified to the coarse-sand

group.

4.10. Prediction of Biology Using Substrate and I mage Data
4.10.1. Secondary Production
The relaionship between energy flow within an ecosystem and subdtrate characteristics is not
well understood. Using estimates of secondary production as a surrogate for energy flow we find that
for infaunathereisano linear correlation between the secondary production and substrate grain-size.
A quadratic model was significant (p = 0.029) and did indicate that secondary production tended to be
higher in sediments with mean Phi >2 (coarse sands) and <1 (fine to very-fine sands):
Log (Production) = 0.98—0.98 (Mean Phi) + 0.38 (Mean Phi)?
An examination of the variance structure of the data indicated thet the Silt content accounted for much
of the variation between production and grain-size and that there was a strong relationship (p = 0.0004)
between secondary production and percent silt:
Log (Production) = 0.38 (Arcsin % silt)
Thisis congstent with other production studies that found mixed (sand-silt-clay) sedimentsto have
highest secondary production (see references in Diaz and Schaffner (1990) and Tumbiolo and Downing
(1994)). However, therange in siit content with the study areawas smdl (0 to 4.4%) rdative to
published production studies and indicates how important subgtrate characteristics are in shaping habitat
vaue on the shalow continental shelf.

Therefore, any disturbance that would increase the silt-clay content of surface sediments would
aso likely increase secondary production of the infauna. Thisin turn would support higher utilization by
demersa feeding fishes.

Spatiad interpolation of secondary production to biomass ratios (P.B) were done using ordinary
cokriging accomplished with GSLIB (Deutsch and Journdl, 1998), with sediment grain size determined
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from SPI asthe covariate. Two redlizations of that procedure are presented in the Map Atlas. The
cokriged interpolations of P.B agree well with the spatid digtributions for many of the other habitat
parameters mapped for the FSregions. High P:B estimates occur in the biologicaly rich, deeper, finer
sediment regions, and also on parts of the shods.

4.10.2. Community Groups

If sandmining activities are planned for a certain location, potentia impacts can be assessed
based upon the community groups found at the point grab sample locations (Figure 2.2-1 and Table
4.10-1). Each community cluster group and subgroup (A, A', A",B, B, C, D, D', D", E, and E))
represents a rdatively unique species digtribution. At the level of entire regions of interest (ROI), the
following provides a summary of which communities were, and are likely to be, present in each ROI.
In both IR-ROI and in NBB-ROI, three cluster subgroups, A, A', and E', were present. In FS-ROI,
nine cluster subgroups, A, A', A", B, B', C, D, D', and D", were present. In WS-ROI, 4 cluster
subgroups, A', B, D, and D", were present. In IWS-ROI, 4 cluster subgroups, B, C, D, and D", were
present. In MKP-SMA-FS (Maa and Kim proposed Sand Mining Area - Fenwick Shodl), two
cluster subgroups, D and D', were present. And in MKP-SMA-IWS (Maa and Kim proposed
Sandmining Area - Ide of Wight Shod), four cluster subgroups, B, C, D, and D", were present.
Determinations of the likely impacted congtituents are based upon species composition and relative
distributions by each cluster subgroup (Table 4.10-1).



CHAPTER 5. DISCUSSION, SUMMARY, AND CONCLUSIONS
5.1. Originsand Fate of Topographic Features

Although the shods of interest are apparently storm-derived offshore ridges (Swift and Field,
1981; Goff et al., 1999), their rate and process of formation suggest that they will not aggrade to prior
form if they are subject to mgor loss of materia to mining. The offshore ridges are believed to have
initidly originated as shore-attached ridges during a prior of lower sealeve. As shoreface transgression
has occurred, hydrodynamic processes, including storm waves and currents, have led to detachment
and segmentation of the offshore ridges from the shore-attached ridges, and dight offshore and
southward migration (Swift and Fied, 1981). Since becoming offshore features, the ridge
morphologies have changed, producing mildly concave northwest shods with dope asymmetries, such
that the seaward dopes are stegper, such asin the case of Fenwick Shoa, where the southeastern face
has the steepest dope in the region (Swift and Field, 1981) (Figure 2.1-3).

5.2. Benthic Habitat Characteristics

Preiminary habitat classfications, or habitat proxies, were made usng SPI and ded images.
The Benthic Habitat Quality (BHQ) index (Nilsson and Rosenberg, 1997) was used as SPI Habitat
Proxy 1. Vaues of the BHQ ranged from 1 to 13, on ascale of 0 to 15, with mean vaue of 5.63 (SD
= 1.75) overall, 5.83 (1.85) for the Fenwick Shoas Regions, and 5.04 (1.26) for the Indian River
Regions. The BHQ index did distinguish between gross habitat types, such as physicdly structured
versus biologicaly dominated. However, BHQ did not resolve finer scae differenceswell. The
formulation of the BHQ relies heavily upon the thickness of the RPD layer, and dso parameterizes RPD
into specific, discrete value bounded bins, as does the OSl index (Rhoads and Germano, 1986). Both
indices weight the RPD according to val ues representative of the ranges typicaly found in the
ecosystems for which they were developed, estuaries and harbors of the northeast U.S. coast and
Swedish fjords. 1n order to gpply the BHQ to shelf habitats we decided to scae the influence of the
RPD and to adjust for correation between the RPD and properties of the sediment which affect
porewater flow by subdtituting a variable derived from RPD, sediment grain-size, and sorting.

The OS was undefined for nearly al cases because it depends upon determination of



successiona stage for its calculation. Successiona stage was indeterminate for most of the images from
this study area. Although some images, like those from the valley to the south of Fenwick Shodl,
resemble successond stage 11, and could be classified, images from the shod stations were often
devoid of indicative festures. Therefore, objective classfication might apply the label azoic to those
images, which would be misclassification due to sediment characterigtics, and limitations in the images
and theindex. Inthe shod crest sediments, lack of apparent biogenic features does not necessarily
mean a paucity in biologica resources. Rather, the biological congtituents are adapted to the energetic
conditions that maintain "clean sand" gppearance and do not expend energy or resources in futile
attempts to provide lasting structures, which are the bases for construction of both the BHQ and OS
indices. The biology common to those conditions were very smal ascideans (tunicates or sea squirts)
which often were only aslarge as the sand grains and were attached to the grains, and deep-burrowing

amphipods. The ascideans were rardly visible when smal.

The BHQ and the SBHQ would both indicate that benthic habitat quality in the vicinity of FS,
WS, and IWS shodswas rlatively low on the shoads and high in the valeys between and deeper water
areasinshore of the shods. That result is dightly decelving because the indices are based upon
biologicd and physicd sediment features which are likely to occur and be preserved in finer, more
cohesive sediments. The SBHQ does not indicate Smply that habitat quality on the shelf increases with
depth, rather it indicates thet the local effects of topographic variability influence habitat conditions such
that organism-sediment interactions are enhanced where finer-grained substrates occur. Because of the
combined effects of topography, hydrodynamics, and dimataogicd forcing, particle and sediment
transport and deposition have resulted in patterns of substrate composition and biologica community
gructure which resemble variations in bathymetric. In addition, scaes of bathymetric variation are
important to benthic communities. For example, infaunad communities can vary according to their
position in relaion to bedform crests or troughs. However, bedforms are dynamic features, and the
materid composing crests does not move al a once, there is rather agradud diminishment and
reformation of crests as festure migration occurs. It isunlikely that a particular community movesin
unison with a particular crest festure. More reasonable isthat the vertica distribution of the local

community congtituents reflects microhabitat condition preference. In broader terms, microhabitat



associations should be predictable based upon the substrate and energy regime.

SBHQ vaues should be caculated for archived SPI images or profile image anadys's datasets
from various systemsin order to compare SBHQ vauesto BHQ and OSl. Once that has been done,
it should be clear how vaues of SBHQ reate to particular habitat conditions and generdized States of
ecosystem hedlth, such as those specified by the BHQ and OSI. The SBHQ, should provide a
measure of benthic ecosystem hedlth that alows cross-system comparison, without the limitations of the
indices developed specificaly for sheltered systems and based upon a modd with limited diagnostic
capability offshore (Maurer et al., 1993).

When ded transect image data are considered, there is greater support that the deeper regions
surrounding and especidly the valey between FS and WS isamore biologicdly active and productive
area than the shoa crests and northwest faces. However, ded data also shows that fish, filter feeding
epibenthos, and sand dollars are more prevaent on the shods. In fact, what we observed isa
functiona community shift between the subenvironments. Biologica community data from grabs and
fish and epibenthic community data from the trawls demondrate the same. In terms of production and
resource vaue, none of the individua means of assessment (indices and gatistics) provide a complete
diagnogtic. Therefore, combining them into a system assessment tool has become one of our priorities.
Until a suitable combined measure can be reviewed, some of the methods may be applied with
reasonable relevancy if they are used and interpreted with respect to the local environment. Trangtions
inthelocd environment occur over different scalesin the vicinity of FS, and the spatid rate of change
appears related al o to the rate of change in bathymetry. The steepest faces of FS, WS, and IWS are
to the southeast of each crest. In between FS and WS, bathymetric change is greatest, and habitat
changes are most abrupt. Substrates changed from medium to coarse sand to clayey-slty mudina
very short distance, (tens of meters), with alimited zone of mixing. Instead, it appears that the trangtion
follows the predominant, time varying sedimentation scheme which in most cases produces mud beds,
but at times covers them with large, sand bedforms induced by storm transport of lower shod
sediments. Therefore, the lower parts of the SE face of FS can be found interbedded sand and mud
and large relict bedforms colonized by dense mats of mud-tube-building infauna polychaetes.
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The biogenic structure classesidentified in video corresponded well with the generd spatid
patterns determined by interpolation of point sample data from SPI and grab (Figure 5.2-1). Inthe
Fenwick Shod RO, the regions of dense biologica associations at or near the sediment surface
occurred to the southwest and southeast of the shodl. 1n the southwest, the region was marked by fine
sediments, diverse and numerous epifauna, and infauna which build tubes from fines, such as
Asabellides. To the southeast, often large Diopatra cuprea tubes pervaded the shelly rippled sands.
On the northeast and northwest shod flanks, the surface oriented infauna and epifauna was sparser, and
in some instances absent (Map Atlas).

On the northeast flank of Fenwick Shod, where the fish Ammodytes occurred, surface
oriented biology and biologica features were absent (Figure 5.2-1). The behavior of Ammodytes was
likely responsble, snce Ammodytes buries into the surface sediments. It actualy dives head-first into
sandy ripples at high speed, as seen in the video records. Where these fish were abundant, the
continued disturbance to the surface layer sediments gpparently has affected the distribution of epifauna
and infauna, which build surficid structures. These epifaunaand infauna may have been absent soldy
because of the physica energy regime, however on other parts of the northeast shoa flank, sparse
epifaunaand infauna tubes were present, whereas Ammodytes were absent. Disturbance was the
likely exclusonary culprit because snce Ammodytes feeds upon plankton (K. Able, pers. comm.),

competition for resources with the epifauna and infauna was unlikely.

5.3. Perspectives on Former Organism-sediment Modelsand a New M odel

Organism-sediment interaction models can be useful for classifying habitat conditions based
upon the appearance of the substrate. For example, Pearson and Rosenberg (1978) produced a model
demondirating how organic enrichment gradients could structure communities, organism-sediment
interactions, and habitat condition. Rhoads and Germano (1986) later produced a modd resembling
that of Pearson and Rosenberg, but dealt with how physica disturbance effected community
succession. Both models were developed for application in fjords, estuarine, harbor, and some river
systems, however both lack vaidity in sandy open coastdl systems such as the Atlantic coast of the
U.S. We suggest that in continenta shelf environments the trangitions in community structure and



organism-subgirate associations dong dynamic energy edges (for example the trangtion form coarse to
slty-fine sands) would resemble in part both of the former moddls. However, on the continenta shelf,
the structuring factors are principaly space and energy regime and propose that a spatia-energetic
benthic community structuring mode! is more gpplicable to shelf environments.

Both prior modds of community-state succession, in space or time, are theoreticaly
gppropriate for disturbance cases such as sandmining. However, as previoudy discussed, a shelf
habitat state may appear smilar to late successona stage assemblage in intracoastal waters but may
actudly be the functiond equivdent of an early stage condition. In addition, water column dynamics
and topographic varigbility combine to confound the former modds primarily because of materid
transport effects. For example, community ateration and recovery from disturbance effects on shoas
will likely be highly dependent upon wave, current, and bottom stresses in the period subsequent to
sandmining. Although it is possible to predict loss of and recolonization community structure based
upon exiging loca populations and their spatia digtributions, actua responses will be influenced by
fluxes driven by the direction and magnitude of water mass motion. Therefore, the results of a
sandmining operation could be totaly different if along period of calm followed or if amgor sorm
followed the dredging. Prediction of recolonization and community development subsequent to
sandmining disturbances therefore follows no smple formula, and may be smple or complicated
dependent upon the occurrence of unpredictable influentia conditions and interactions of climatologicd,
topographic, and biological phenomena.

Severa recolonization senarios could be envisioned by consdering just season and climatology
subsequent to sandmining activities (Table 5.3-1). The primary effect of season would be related to
temperature, which regulates primary productivity and thus availability new food to the benthos. The
primary effect of climatology would be sediment reworking and trangport during sorm events. Thus
spring/summer stormless conditions would tend to favor the deposition of organic matter over the mined
areathat would tend to initialy favor surface deposit feeders and then subsurface feeder. Fal/winter
sormy conditions would tend to favor vigorous reworking and trangport of sediments, including
asociated epifauna and infaund individuds, into the mined area. Fine sediments and organic matter
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would aso be transported out of the area. Summer storms and winter quite periods would be
intermediate in effecting recolonization.

5.4. Evaluating Biological Resour ce Potential

Community measures such as abundance and biomass, numbers of species (diversity), diversity
indices, and measures of dominance provide good indications of biologica resource satusfor a
particular time and place. Indices of biotic integrity provide a good consolidated measure of community
attributes, however do not directly assess resource potentia. Secondary production provides atime
integrated measure of biologica resource potentia in terms of availability to trophic transfer, can be
modeled using few measurement parameters, and is based upon world-wide data and theory. BRAT
measures are intended to provide energy transfer data, but the technique is difficult to implement for
large regions over time, especidly if different subregiond habitats exist which have different resdent

species aswell astrandents.

Production is probably the best means of ng benthic biologica resource potentia, when
used in combination with the spatid characteristics of the region of interest. Production essentidly
relates the rate of biomass change for a particular taxa or community. Predators feed upon prey
biomass, whereupon energy changes trophic levels, and in turn affect prey production. Production
edimates incorporate information about growth in terms of individuas and populations, including
population dynamics, additions and |osses, whereby information concerning the fate of biomassis
unnecessary. Production estimates are robust to organism interactions and system dynamics because
those variable influences are incorporated into the measure. Variationsin community structure and
function are important to production, and athough those can change in time, certain communities or
community types are characteristic of certain shelf habitats and regions. Therefore habitat
characterigtics are important to production because living modes are controlled and structured by
habitat and microhabitat conditions. Spatid variation in habitat characterigtics is more important on
annual to decada scales than seasond changes in water column conditions because seasond conditions
recur with amilar variability. Unless climatic changes occur rapidly, seasondity in an esst-coast shelf

environment will be predictable. Even extreme energetic events such as cyclonic summer and winter



storms can be expected, and they impact the region on a spatia scale much larger than the study area.
Similarly, most weeather and the related changes in water column conditions are larger than the scae of
interest. Seasond climatic conditions do influence habitats, and over long periods, even configure
topography and substrates which help determine habitat distributions. However, the present
digtribution of habitats with respect to regiona and topographic influences, including the substrate and
the functiona biologicad community, should have the greatest influence upon production and therefore
resource potential.

Water column conditions induced by climatic events can dter the resource availability, however
ther likelihood may be estimated from features evident in the substrate. For example, sormswith high
winds and waves most often are easterly in the Fenwick Shoas Region (Maa, pers. comm.). From
SP and Sled images, surface rdlief and the largest bedforms, as well as larger grain-sized sediments
were dl found just to the west of the crests of the three shods (FS, WS, IWS). The roughness
configurations and their magnitudes apparently correspond to easterly waves peaking over the shodls.
Although those features are ephemerd, they likely are maintained until smilarly erosive conditions
occur, thus ducidating where and to what extent the substrates were affected by the most recent
disturbance. The larger roughness feature distributions and ditributions of relaively larger grain-sized
sediments extended over approximately 10, 8, and 6 square kilometers on FS, WS, and IWS (Figure
5.4-1) based upon IDW interpolations. Because the shod's themsalves influence the behavior of the
waves and currents, their lasting presence and configurations influence habitat-stiructuring conditions
such as those, substrate type and configuration, on scales of influence to large biological populations.
Therefore, changes to the shods will influence both habitat distributions and biologica resources. The
extent to which ether would be affected will depend upon the magnitude and distribution of the changes
to the shoals.

5.5. Reationship of Secondary Production to Habitat Value
Secondary production reflects the main energetic contribution to benthic habitat value that links
primary production and detritus to higher trophic levels. Thereis, however, no Smple connection

between benthic secondary production and fisheries species. Not dl benthic production is utilized by
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or avallable to fisheries species (Moaller et al., 1985, Lunz and Kenddl 1987). In addition to the
stocadtic dement of predation, which dlowsfor acertain leve of prey surviva, organisms avoid
predators through quick escape responses, burrowing below the sediment surface, and to alesser
extent in large Sze. Benthic standing stock biomass at any given time then represents surviving prey
available to be carried over from year to year. The percent biomass carryover tends to be higher in
"mature’ communities that exhibit successonally advanced characteristics (Odum 1969, Walff et al.,
1977, Wolff 1983). This results from the fact that organisms live longer and are larger, which increases
biomass, in "mature’ communities. Lower biomass and smdler individud Sze are characteristics
associated with early successona stage communities or communities under stress. For the shalow
continental shelf the stressor is primarily physica disturbance caused by wave induced sediment
instability.

A portion of the secondary production is aso cycled within the benthos by infauna predators
(Cederwadl 1977, Ambrose 1984, McDermatt 1976, Virngtein 1979). Many infaund species are
predacious (particularly important are nemerteans and many ploychaetes and gastropods) and influence
the energetics of other infauna species by preying on adult, juvenile, or larva stages (Ambrose 1984,
Commito 1982, Oliver et al., 1982). The production of infaund predators is then potentidly avallable
to epifauna predators and may actudly be more available then nonpredacious infauna, because of the

free burrowing and surface searching habits associated with a predacious life history (Ambrose 1984).

Overdl, areas with higher secondary production would tend to have higher habitat vaue
particularly if the production is transferred to fisheries species. Base on gut content analysis then areas
with higher levels of crustacean production would have the highest habitat value. Crustaceans were
found to condtitute the mgority of the food items esten by demersd feeding fish in the Fenwick Shoals
region.

5.6. Assessing Potential Sandmining I mpacts

Our assessment of potentia sandmining impacts on biologica resources is based upon
observed and interpolated data from offshore Maryland and Delaware (MD/DE). Based upon the
Species associations derived from the cluster andysis, certain community groups would be impacted if
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the ROI's represented regions where sandmining would occur (Figure 5.6-1). A different suite of
species each with their own distribution pattern characterized each of the groups. Since each cluster
subgroup represented a particular species ditribution, the magnitude of impact upon particular species
or sets of species by sandmining activities can be estimated directly from the listsin Tables 4.10-1that
provide proportions of gpecies contributions to each group.

Assuming complete excavation and tota remova of organisms within the posed sandmining
ROI's, we predict potential recolonization communities based upon first, Smply the occurrences and
proximity of community groups observed in the vicinity of the mined region. First order predicted
recol onization communities are based upon the neighboring community groups, Species compositions
and proportiona abundances, and the distances between the samples and the border of the proposed
ROI. Assuch, if we consder ascenario in which MKP-SMA-FS is completely mined to a depth
below the verticd distribution extent of the infauna, on the order of 50 cm, and expect the nearby
(within 1 km of the boundary) communities to provide recruits (Figure 5.6-1), then based upon within-
group abundances the initid recolonizers should be from cluster subgroups A, A', A", B, C, D, D', and
D". These are the subgroups within the the 1 km buffer zone. Therefore the initid recolonizers will
likely be some or dl of the following dominant taxa, and likely many of the less abundant taxalisted in
Table4.10-1:

Oligochaeta (A, A", B', D)) Aricidea cerrutii (A, B')
Nemertinea (A, A') Protodorvillea kefersteini (A")
Byblis serrata (A") Pseudunciola obliquua (A")
Brania wellfleetensis (A") Hesionura elongata (B")
Chirodotea coeca (C) Parahaustorius longimerus (C)
Tdlina spp. (C, D, D") Nucula spp. (D)

Asabellides oculata (D) Protohaustorius wigleyi (D)
Mytilus edulis (D) Astartesp. (D")

Natica pusilla (D")

The effect of seasond sandmining, either spring/summer or fal/winter, on recolonization
potentia would be seen in speciesthat have life history characteristics that would preclude their
availability asrecruits (Table 4.2-15). Five of the above listed dominants would likely recruit aswell
during any season after a sandmining event (oligochaetes, nemerteans, Protodorvillea, Tellina, and



Asabellides). The amphipods (Bybilus, Pseudunciola, and Parahaustorius) would dl likey have
better recruitment in the soring/summer than fal/winter. The polychagte Brania and the bivalve Nucula
would both likely do better in the fal/winter. Overdl, there would likely be dightly better larval and
juvenile recruitment after goring/summer than after fal/winter sandmining activities. Recruitment by
adults during any season would likely be regulated by factors that affect passve trangport, such as
gsorms. Active trangport of mobile species, such as epifauna mysids or Crangon septemspinosa may

proceed more rapidly during warmer seasons, but would aso occur in winter.

If we consder asmilar scenario for MKP-SMA-IWS, then the initial recolonizers should be
from cluster subgroups C and D (Tables 4.10-1). For any areato be mined, a disturbance-
recolonization scenario can be constructed using the maps and tables provided. This gpproach ignores
al of the subdrate, hydrodynamic, timing, and biological interaction effects that will be important to the
colonization process, however it does provide areliable, data-based initid prediction. The life history
attributes of the potentia recolonizers should be examined to determine if the predicted assemblage is
redlistic based upon individua substrate preferences, reproductive timing, frequency and magnitude
(relative to the time of disturbance), adult migration capabiilities, and potentia competition for resources
with functionaly smilar species. Some of that information has been documented for some species
(Table 4.2-15), but it can only be inferred for the mgority of the species. Additiondly, functiond
equivaents of occurring species may aso be considered as potentid recolonizers since community
dructureislikely to persst dthough individua species may differ (Maurer et al., 1976). However the
gpatid extent of the disturbanceislikdy to control how variable the recolonization community will be
relaive to the prior assemblage. Therefore, errors in the prediction will increase as the impacted area

grows.

As an example, we will consider a scenario that removes at least the top meter of sand from dll
of the Fenwick Shoas ROI (Figure 5.6-1) and that the grain-size of the sediment surface in the mined
arearemains unchanged. The area mined would be approximately 7.7 kn? with a benthic infaund
community characterized by cluster subgroups D and D’ (Table 4.10-1) in an aredl ratio of about 1:2,
regpectively. Average infauna dendty of the dominant and subdominant species, those included in the



cluster andlysis, would then be about 1900 individuals'n?, based on datain Table 4.10-1. Average
biomass would be about 3.8 g wet weight/n?, based on datain Table 4.2-6 for stations FS06B,
FS09B, and FS10.5D, the three stations within the ROl mined. For this scenario acute impacts would
be the loss of approximately 150 x 10° infaund individuals and 300 kg of biomass that would be
removed with the sand resource mined. If we further assume that recolonization would proceed with
the dominant species listed above then a mining operation that ended in time for Spring/Summer
recruiters would favor crustaceans and a Fall/Winter end would favor anndids (Table 4.2-15). After a
single Spring/Summer recruitment season it is likely that somelevel of benthic resource vaue for
demersdl fishes would return, assuming no change in the character of surface sediments, or possibly
even be enhanced by favorable conditions for crustacean recruitment. After a Fall/Winter recruitment
event benthic resource vaue would likey not be as high as the Spring/Summer event because annelids
may not be utilized by demersd feedersto the extent that crustaceans are.

Should the mining operation lead to fining of surface sediments anndlids and bivaves would be
favored which might in the long-term reduce resource vaue for demersd fishes. The accumulation of
fines would be related to the hydrodynamics after mining. It isnot certain that fining of surface
sediments will occur. Jutte and VanDolah (1999) found that a year after sand mining of two areas
offshore Hilton Head Idand, South Carolina, the silt/clay content of surface sediments increased by
13% and that benthic resources had changed and not recovered to pre-mining community structure.
However, Jutte et al. (1999) aso found that after sand mining of the Cherry Grove borrow area
offshore Myrtle Beach, South Carolina, the surface sediments did not become finer and the infauna

community recovery occurred after about two years.

5.7. Minimizing Impactsto Biological Resour ces

In order to ensure that the biologica assemblage that recolonizes a mined area resembles those
present prior to mining, it would be beneficid to avoid tota arearemoval of surficid substrates. Instead
of mining an extensve continuous region, avoid certain smal areas within the sandmining area so that
locd resdent pecies remain aslikely recolonizers. Retaining smdl refuges within a sandmining area
should minimize potentid dteration of community structure and function, and therefore reduce potentid



effects upon trophically dependent species. Refuges from mining should be of higher priority when
shods are to be mined for two main reasons. Firgt, shod ridge communities differ from mid-shod and
trough communities, and second, potentia recolonizers from similar communities on nearby shods (if
they exist) will likely suffer high mortdity during migration, due to exposure to predators during open
water trangt, and therefore have limited success. Wheress, if locd mining refuge patches (RP) are
retained, distances and exposure times endured by migrating organisms will be minimized and therefore
recolonization success should be greeter. Retaining RPs is andogous to the silviculturd practice of
retaining seed trees for natura regeneration of harvested forests (Zhou, 1998). Although the resultant
recol onization community in the mined area may be different dependent upon whether adult migration or
larval digpersd dominates, RP's should augment smilar pre-mining and post-mining communities.

Determinations of impacts of sandmining on mobile fisheries resourcesis also connected to the
rate and success of benthic recolonization. Many fishes utilize the shdlow continental shelf as a nursery
ground (Able and Fahay, 1998) and depending on when their demersdl life hatory stages utilize a
particular area, any impacts could be minimized by insuring that their cover or food base not be
disupted. For the most part this would primarily mean minimizing impacts to crustaceans and
secondarily to other taxonomic groups. Conversdly, any aspect of sasndmining that would enhance the
production of crustaceans would likely aso improve habitat qudity for demersd fishes.
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gure 3.1-1: Y oung grab used to collect benthic infauna and sediments.
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Figure 3.1-2: Sediment profile camera system used to collect images of the sediment-water interface.
The camera system includes a Hyulcher profile camera, a Benthos gtill camera, and a Panasonic video
camerawithin a Benthos degp-sea cameraframe. The SPI prism window isin the center of the image.



Figure 3.1-3: Standard video and still camera ded used to collect images of surface features over broad
gpatial scaes.
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Figure 3.2-1: Relationship among sediment grain-size, compaction (Cp), and prism penetration (pen).
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|etters, are based on simultaneous double standardization of data, Bray-Curtis ssmilarity, and
flexible sorting. For details see text.
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Figure 4.2-4: Dendogram of Fenwick Shoals stations sampled both in 1998 and 1999. Cluster
groups are based on simultaneous doubl e standardization of data, Bray-Curtis similarity, and
flexible sorting. For details see text.



Figure 4.2-5. Box plots of community structure statistics from MD/DE study area by cluster analyss sation group. Bar ismedian, box is
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Figure 4.3-1; Location of'bottom trawls around the Fenwack Shoal EO[ trawls were located in
four benthic habitats.



Spedies Group
AmMOdyt €5 SPP. 0 s I
Eropus nicrostomus — -------------- I I A
Prionotus carolinus — -------------- [ ——— [ [P [
Wophycis regia ~  --------mmmmmiiieooo [ I I
Anchoa mitchilli ~  ------emmma-- I [--1
Qonger oceani cUs ~ -------------- [ mmmme e | B |1
Gentropristis striat  ----------cmciiimiooo [P |1
phi dion margi natum  -------------- I S
S enotonus crysops = -------------- [--1 C [
Sconber sconmbrus 00 ----------------- i I

Gynoscion regal i s --1

Paralichthys dentatu  --l---------------ommmmmo- I

Enchel yopus cinbrius ----------- I I D I
Pseudopl eur onectes a =~ ----------- l-mmmmmm - I R e L R P LR
Rgj a egl antaria ~  -------------- I [----- I

Raja erincea  -------------- [-------- I

Migi | curena -
Prionot us evol ans S EEETEEE I E
Syngnat hus f uscus --1 | e e o il
Scopht hal nus aquosus ~ ----------- [
Snlarity 0.92 0.61 0.23 -.16 -.55

Figure 4.3-2: Cluster andlysis of demersdl fish collected May 1999 at four benthic habitat types within
the MD/DE study area. Based on Bray-Curtis similarity and flexible sorting.
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Figure 4.4-1: Selected Sediment Profile Images (SPI).
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Figure 4.4-2: Selected Sediment Profile Images (SPI).



Figure 4.4-3: Selected Sediment Profile Imaages (SPI).



Figure 4.4-4: Selected Sediment Profile Images (SPI).
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Figure 4.4-5: Selected Sediment Profile Images (SPI).



MDDE 1998 SPI: Examples of Sediment Grain Size Determinations
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Figure 4.4-6: Examples of sediment grain-size determinations from sedimepnt profile images. CS = coarse sand, FS = fine sand,
GR = gravel, MS = medium sand, SH = shell, SI = Silt, VCS = very coasrse sand, VFS = very fine sand.
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Fioure 4 4-7. Relationship between grain-size as determined from grab samples
and sediment profile 1mages. Y-ams 15 mean grain-size in mm of grab samples.
H-axis 15 the mean grain-size in i as determined from images.



Figure 4.5-1. Selected surface cameraimages, coarser environments.



Figure 4.5-2: Selected surface cameraimages, finer-grained environments.
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Fugure 4.7-1a. Water temperature (°C) and wave height (m) from NOAA Buoy 44009 for the year
1998.
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Figure 4.7.1-b: Water temperature (°C) datafrom NOAA Bouy 44009 during the 17 to 21 May,
1998 cruise.



1999 NOAA Buoy 44009 Water Temp. (C) and Wave Height (m)
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Figure 4.7-2: Water temperature (°C) and wave height (m) from NOAA Buoy 44009 for the first six
months of 1999.
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Figure 4.8-1a: Distribution of Benthic Habitat Quality index vaues
for the Indian River ROI.
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Figure 4.8-2a: Distribution of Benthic Habitat Quality index values for the Fenwick Shoa ROI.
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Table4.1-1
Sediment grain-size ditribution from grab samples callected in the MD/DE study area.
Grave is>2mm. Sand is between 2 and 0.063 mm. Silt is between 0.063 mm and 0.0039 mm.
Clay is<0.0039 mm.

STN % Gravel %Sand % Silt % Clay

BB0O4 13.8 85.6 0.1 0.5
FS01G 0.6 88.7 4.4 6.3
FS02.5D 0.0 99.6 0.1 0.3
FS02C 2.7 96.8 0.0 0.5
FS02C 12.3 86.9 0.1 0.7
FSO3E 0.0 99.2 0.2 0.6
FS04C 0.0 95.7 29 14
FSO4E 0.0 99.6 0.0 0.4
FS06C 14.7 85.0 0.0 0.3
FS06D 0.3 99.2 0.1 0.4
FSO07B 0.0 91.2 6.0 2.8
FSO7F 0.2 99.0 0.1 0.7
FS08B 0.0 98.8 0.4 0.8
FS08C 0.3 97.9 0.7 11
FS08D 2.2 97.5 0.1 0.2
FSO8E 0.0 99.5 0.1 0.4
FSO09A 21 96.8 0.3 0.8
FS09B 0.9 98.1 0.3 0.7
FS09C 0.0 99.5 0.1 0.4
FS09D 3.3 94.6 0.7 14
FS10.5D 0.0 99.4 0.1 0.5
FS10A 2.4 96.7 0.3 0.6
FS10B 55 93.8 0.1 0.6
FS11C 3.7 96.0 0.1 0.2
FS12B 16.7 82.8 0.1 0.4
FS12C 15.2 84.5 0.0 0.3
FS12E 1.0 98.8 0.0 0.2
FS12F 2.3 97.3 0.1 0.4
FS13A 4.5 94.5 0.2 0.8
FS13C 7.5 91.9 0.1 0.5
FS13E 0.0 99.1 0.2 0.7
FS13F 15 97.9 0.1 0.5
FS14A 3.2 96.2 0.1 0.5
FS14D 1.9 97.5 0.2 0.4
FS14D 0.0 99.2 0.1 0.7
FS14E 14 98.0 0.1 0.5
FS14G 0.0 99.1 0.1 0.8
HCS31 0.0 74.0 7.7 18.3
IR02B 66.4 33.5 0.1 0.1
IRO2D 18.5 80.6 0.2 0.7
IR04B 4.5 94.8 0.1 0.6
IR04D 56.7 42.3 0.3 0.7
IRO4E 61.1 36.1 1.2 1.6
IR05.5C 4.3 95.1 0.1 0.5
IRO5D 34.1 65.1 0.2 0.6
IRO7C 1.7 97.6 0.1 0.6
IRO8B 21.9 77.3 0.1 0.7
IRO8C 36.0 62.8 0.4 0.8
IR09A 11.2 88.2 0.1 0.5
IRO9C 16.1 83.2 0.1 0.6

SBB32 14.7 84.1 0.2 1.0



Table4.1-2
Sediment grain-size analyss of sand fraction from grab samples
collected in the MD/DE sudy area. All saigicsarein mm.

Station Mean Median Sorting Skewness Kurtosis

BB0O4 0.47 0.49 0.59 0.94 0.57
FS01G 0.18 0.18 0.70 1.04 0.74
FS02.5D 0.37 0.39 0.70 0.82 0.59
FSO3E 0.24 0.24 0.78 0.96 0.77
FSo4C 0.14 0.14 0.67 1.27 0.72
FSO4E 0.37 0.39 0.70 0.82 0.63
FS06C 1.07 1.11 0.58 0.83 0.13
FS06D 0.60 0.61 0.66 0.87 0.45
FS07B.2 0.12 0.11 0.82 1.19 0.88
FSO7F 0.31 0.27 0.53 1.19 0.60
FS08B 0.26 0.26 0.76 112 0.71
FS08C 0.28 0.29 0.65 0.91 0.69
FS08D 0.76 0.74 0.68 0.96 0.39
FSO8E 0.32 0.33 0.62 0.88 0.60
FS09A 0.29 0.28 0.61 1.02 0.63
FS09B 0.46 0.43 0.57 1.13 0.61
FS09C 0.37 0.37 0.77 0.92 0.67
FS09D 0.53 0.86 0.39 0.65 0.66
FS10.5D 0.35 0.37 0.71 0.79 0.62
FS10A 0.41 0.40 0.58 1.08 0.61
FS10B 0.41 0.38 0.55 121 0.59
FS11C 0.65 0.65 0.55 0.92 0.53
FS12B 0.52 0.47 0.53 111 0.56
FS12C 0.55 0.54 0.55 0.97 0.56
FS12E 0.33 0.33 0.65 1.02 0.63
FS12F 0.57 0.57 0.49 0.94 0.46
FS13A 0.49 0.43 0.54 121 0.56
FS13C 0.52 0.51 0.54 1.00 0.62
FS13E 0.21 0.21 0.76 0.97 0.77
FS13F 0.62 0.63 0.49 0.94 0.58
FS14A 0.48 0.44 0.51 1.06 0.54
FS14D 0.29 0.29 0.67 0.95 0.68
FS14E 0.42 0.41 0.61 1.02 0.63
FS14F 0.44 0.44 0.53 0.98 0.58
FS14G 0.28 0.28 0.76 1.07 0.75
HCS31 0.45 0.44 0.56 0.94 0.55
IR02B 0.97 1.11 0.57 0.77 0.39
IRO2D 0.64 0.60 0.52 1.05 0.52
IR04B 0.42 0.41 0.65 1.06 0.60
IR04D 0.27 0.26 0.73 1.08 0.74
IRO4E 0.41 0.41 0.50 0.98 0.58
IR05.5C 0.61 0.61 0.58 0.96 0.49
IRO5D 0.30 0.29 0.73 1.10 0.71
IR07C 0.56 0.52 0.62 1.10 0.52
IRO8B 0.51 0.50 0.59 1.05 0.59
IRO8C 0.48 0.47 0.54 1.04 0.51
IR09A 0.67 0.72 0.55 0.89 0.47
IR09C 0.52 0.52 0.53 0.93 0.53

SBB32 0.47 0.44 0.54 1.09 0.57



Table4.2-1.
Major taxa abundance (individuals/0.04 m2) of infauna collected off Maryland and Delaware in
May 1998 and June 1999.

May 1998
Anthozoa Annelida Crustacea Phoronida Cephalochordata

Station Nemertinea Bivalvia Sipuncula Echinodermata Totals
BB02 1 20 293 6 28 0 0 0 0 348
BBO4 1 14 243 1 12 0 0 0 0 271
FS01G 0 1 3066 13 26 0 2 0 0 3108
FS025D O 1 9 1 37 0 0 0 0 48
FS02C 4 13 53 61 15 0 0 2 2 150
FSO3E 0 0 0 0 20 0 0 0 1 21
FS04C 0 0 82 734 56 0 0 0 0 872
FSO4E 0 1 1 3 2 0 0 0 0 7
FSo6C 19 7 206 166 5 0 0 11 2 416
FS06D 0 0 21 33 3 0 0 0 0 57
FS07B 0 0 283 102 68 0 8 0 0 461
FSO7F 0 2 9 13 10 0 0 0 0 34
FS08B 0 3 29 2 42 0 2 0 0 78
FS08C 0 1 98 65 2 2 0 0 0 168
FS08D 5 13 143 4 2 0 0 0 1 168
FSO8E 0 0 2 4 3 0 2 0 0 11
FS09A 0 0 56 23 38 0 0 0 1 118
FS09B 0 5 44 6 37 0 0 0 0 92
FS09C 0 0 3 1 12 0 0 0 0 16
FS09D 0 3 72 0 3 0 0 0 0 78
FS105D O 0 1 0 3 0 0 0 0 4
FS10A 0 12 159 0 27 0 0 2 0 200
FS10B 1 13 149 4 14 0 0 0 0 181
FS11C 0 2 81 12 2 0 0 0 0 97
FS12B 0 9 58 1 15 0 0 0 0 83
FS12C 0 5 49 1 3 0 0 0 1 59
FS12E 0 0 1 1 2 0 0 0 0 4
FS12F 0 4 25 2 3 0 0 1 0 35
FS13A 0 3 20 0 6 0 6 0 0 35
FS13C 2 15 153 4 12 0 0 0 1 187
FS13E 0 0 0 2 6 0 0 0 0 8
FS13F 2 38 52 16 15 0 0 0 0 123
FS14A 0 26 233 5 7 0 0 0 0 271
FS14D 0 0 3 2 4 0 0 0 0 9
FS14E 0 1 12 0 3 0 0 0 0 16
FS14F 0 6 50 5 12 0 0 0 0 73
FS14G 0 1 0 2 13 0 0 0 0 16
HCS31 0 11 1123 68 22 0 7 0 0 1231




Table4.2.1. Continued.

May 1998
Anthozoa Annelida Crustacea Phoronida Cephalochordata
Station Nemertinea Bivalvia Sipuncula Echinodermata Totals
IR02B 0 12 62 16 2 0 0 0 1 93
IR02C 0 21 201 15 6 0 0 0 0 243
IRO2D 0 10 119 18 2 0 0 0 0 149
IRO4B 0 1 14 4 6 0 0 0 0 25
IRO4D 0 0 12 5 4 0 0 0 0 21
IRO4AE 0 1 257 20 32 2 0 0 0 312
IRO5.5C O 4 47 5 4 0 0 0 0 60
IRO5D 0 0 145 6 11 1 2 0 0 165
IRO7C 0 5 41 1 8 0 0 1 0 56
IRO7E 0 0 19 0 4 2 1 0 0 26
IRO8B 0 0 14 2 5 0 0 0 0 21
IRO8C 0 4 41 2 14 0 0 0 0 61
IRO9A 1 1 29 5 5 0 0 0 0 41
IR0O9C 0 12 192 2 1 0 0 0 0 207
Totds 36 301 8075 1464 694 7 30 17 10 10634
June 1999
Nemertinea Bivalvia Sipuncula Echinodermata
Anthozoa Annelida Crustacea Phoronida Cephalochordata

FS02C 4 3 1 38 21 0 0 1 0 68
FSO3E 0 0 0 2 11 0 0 0 1 14
FS04C 0 3 1136 157 40 0 0 0 0 1336
FSO4E 0 0 0 8 4 0 0 0 1 13
FS06C 3 6 73 13 2 0 0 1 3 101
FS06D 0 11 10 10 4 0 0 0 0 35
FSO7B1 O 16 1034 187 53 0 0 0 0 1290
FSO7B2 O 3 1007 86 39 0 27 0 0 1162
FSO7B3 1 2 711 110 181 1 0 0 0 1006
FS08D 7 13 131 13 1 0 0 2 1 168
FSOBE 1 1 7 28 6 0 0 0 0 43
FS09B 0 8 159 7 56 0 0 0 0 230
FS10B 0 1 25 7 170 0 0 0 0 203
FS11C 0 4 52 4 5 0 0 0 0 65
FS12B 0 5 20 0 103 0 0 0 2 130
FS12C 1 14 43 7 7 0 0 0 2 74
FS12E 0 1 1 4 3 0 0 0 1 10
FS12F 0 5 6 32 3 0 0 0 1 47
FS13C 0 16 39 13 52 0 0 0 2 122
FS13F 0 1 3 14 9 0 0 0 1 28
Totds 17 113 4458 740 770 1 27 4 15 6145



Table 4.2-2.

Proportional contribution of major taxa to total infaunal abundance and species richness
for samples collected off Maryland and Delaware in May 1998 and June 1999.

May 1998
Percentage of Percentage of
Major Taxon Individuals Taxa
Anthozoa 0.3 0.7
Nemertinea 2.8 0.7
Annelida 75.9 50.7
Mollusca 13.8 23.0
Crustacea 6.5 224
Sipuncula 0.1 0.7
Phoronida 0.3 0.7
Echinodermata 0.2 0.7
Cephalochordata 0.1 0.7
June 1999
Percentage of Percentage of
Magjor Taxon Individuals Taxa
Anthozoa 0.3 0.9
Nemertinea 1.8 0.9
Annelida 72.5 52.8
Mollusca 12.0 21.3
Crustacea 12.5 20.4
Sipuncula 0.02 0.9
Phoronida 0.4 0.9
Echinodermata 0.1 0.9

Cephalochordata 0.2 0.9




Table 4.2-3.
Percentage of major taxa abundance (individual s/0.04 m2) of infauna collected in the Maryland
and Delaware study areain May 1998 and June 1999.

May 1998
Anthozoa Annelida Crustacea Phoronida Cephalochordata
Station Nemertinea Bivalvia Sipuncula Echinodermata

BB02 0.3 5.7 84.2 1.7 8.0 0.0 0.0 0.0 0.0
BB04 04 5.2 89.7 0.4 4.4 0.0 0.0 0.0 0.0
FS01G 0.0 0.0 98.6 04 0.8 0.0 01 0.0 0.0
FS02.5D 0.0 21 18.8 21 77.1 0.0 0.0 0.0 0.0
FS02C 2.7 8.7 35.3 40.7 10.0 0.0 0.0 13 13
FSO3E 0.0 0.0 0.0 0.0 95.2 0.0 0.0 0.0 4.8
FS04C 0.0 0.0 94 84.2 6.4 0.0 0.0 0.0 0.0
FSO4E 0.0 14.3 14.3 42.9 28.6 0.0 0.0 0.0 0.0
FS06C 4.6 1.7 49.5 39.9 12 0.0 0.0 2.6 0.5
FS06D 0.0 0.0 36.8 57.9 5.3 0.0 0.0 0.0 0.0
FSO7B 0.0 0.0 61.4 221 14.8 0.0 1.7 0.0 0.0
FSO7F 0.0 59 26.5 38.2 294 0.0 0.0 0.0 0.0
FSO08B 0.0 3.8 37.2 2.6 53.8 0.0 2.6 0.0 0.0
FS08C 0.0 0.6 58.3 38.7 12 1.2 0.0 0.0 0.0
FS08D 3.0 7.7 85.1 24 12 0.0 0.0 0.0 0.6
FSO8E 0.0 0.0 18.2 36.4 27.3 0.0 18.2 0.0 0.0
FSO9A 0.0 0.0 47.5 195 32.2 0.0 0.0 0.0 0.8
FS09B 0.0 5.4 47.8 6.5 40.2 0.0 0.0 0.0 0.0
FS09C 0.0 0.0 18.8 6.3 75.0 0.0 0.0 0.0 0.0
FS09D 0.0 3.8 92.3 0.0 3.8 0.0 0.0 0.0 0.0
FS10.5D 0.0 0.0 25.0 0.0 75.0 0.0 0.0 0.0 0.0
FS10A 0.0 6.0 79.5 0.0 135 0.0 0.0 1.0 0.0
FS10B 0.6 1.2 82.3 2.2 1.7 0.0 0.0 0.0 0.0
FS11C 0.0 21 83.5 12.4 2.1 0.0 0.0 0.0 0.0
FS12B 0.0 10.8 69.9 12 18.1 0.0 0.0 0.0 0.0
FS12C 0.0 8.5 83.1 1.7 5.1 0.0 0.0 0.0 1.7
FS12E 0.0 0.0 25.0 25.0 50.0 0.0 0.0 0.0 0.0
FS12F 0.0 114 714 5.7 8.6 0.0 0.0 29 0.0
FS13A 0.0 8.6 57.1 0.0 171 0.0 171 0.0 0.0
FS13C 11 8.0 81.8 21 6.4 0.0 0.0 0.0 0.5
FS13E 0.0 0.0 0.0 25.0 75.0 0.0 0.0 0.0 0.0
FS13F 16 30.9 42.3 13.0 12.2 0.0 0.0 0.0 0.0
FS14A 0.0 9.6 86.0 1.8 2.6 0.0 0.0 0.0 0.0
FS14D 0.0 0.0 33.3 22.2 44.4 0.0 0.0 0.0 0.0
FS14E 0.0 6.3 75.0 0.0 18.8 0.0 0.0 0.0 0.0
FS14F 0.0 8.2 68.5 6.8 16.4 0.0 0.0 0.0 0.0
FS14G 0.0 6.3 0.0 125 81.3 0.0 0.0 0.0 0.0
HCS31 0.0 0.9 91.2 5.5 1.8 0.0 0.6 0.0 0.0




Table4.2-3. Continued.

May 1998
Anthozoa Anndida Crustacea Phoronida Cephal ochordata
Station Nemertinea Bivalvia Sipuncula Echinodermata

IRO2B 0.0 12.9 66.7 17.2 2.2 0.0 0.0 0.0 11
IRO2C 0.0 8.6 82.7 6.2 2.5 0.0 0.0 0.0 0.0
IRO2D 0.0 6.7 79.9 12.1 13 0.0 0.0 0.0 0.0
IRO4B 0.0 4.0 56.0 16.0 24.0 0.0 0.0 0.0 0.0
IR0O4D 0.0 0.0 57.1 23.8 19.0 0.0 0.0 0.0 0.0
|ROAE 0.0 0.3 82.4 6.4 10.3 0.6 0.0 0.0 0.0
IR0O5.5C 0.0 6.7 78.3 8.3 6.7 0.0 0.0 0.0 0.0
IRO5D 0.0 0.0 87.9 3.6 6.7 0.6 12 0.0 0.0
IRO7C 0.0 8.9 73.2 1.8 14.3 0.0 0.0 1.8 0.0
IRO7E 0.0 0.0 731 0.0 154 7.7 3.8 0.0 0.0
IRO8B 0.0 0.0 66.7 9.5 23.8 0.0 0.0 0.0 0.0
IRO8C 0.0 6.6 67.2 3.3 23.0 0.0 0.0 0.0 0.0
IRO9A 24 24 70.7 12.2 12.2 0.0 0.0 0.0 0.0
IRO9C 0.0 5.8 92.8 1.0 0.5 0.0 0.0 0.0 0.0

June 1999
Anthozoa Annelida Crustacea Phoronida Cephalochordata
Station Nemertinea Bivalvia Sipuncula Echinodermata

FS02C 5.9 4.4 15 55.9 30.9 0.0 0.0 1.5 0.0
FSO3E 0.0 0.0 0.0 14.3 78.6 0.0 0.0 0.0 7.1
FS04C 0.0 0.2 85.0 11.8 3.0 0.0 0.0 0.0 0.0
FSO4E 0.0 0.0 0.0 61.5 30.8 0.0 0.0 0.0 7.7
FS06C 3.0 5.9 72.3 12.9 2.0 0.0 0.0 1.0 3.0
FS06D 0.0 314 28.6 28.6 114 0.0 0.0 0.0 0.0
FSO7B1 0.0 12 80.2 14.5 4.1 0.0 0.0 0.0 0.0
FSO7B2 0.0 0.3 86.7 1.4 3.4 0.0 2.3 0.0 0.0
FSO7B3 0.1 0.2 70.7 10.9 18.0 0.1 0.0 0.0 0.0
FS08D 4.2 7.7 78.0 7.7 0.6 0.0 0.0 1.2 0.6
FSO8E 2.3 2.3 16.3 65.1 14.0 0.0 0.0 0.0 0.0
FS09B 0.0 35 69.1 3.0 24.3 0.0 0.0 0.0 0.0
FS10B 0.0 0.5 12.3 34 83.7 0.0 0.0 0.0 0.0
FS11C 0.0 6.2 80.0 6.2 7.7 0.0 0.0 0.0 0.0
FS12B 0.0 3.8 154 0.0 79.2 0.0 0.0 0.0 15
FS12C 14 18.9 58.1 9.5 9.5 0.0 0.0 0.0 2.7
FS12E 0.0 10.0 10.0 40.0 30.0 0.0 0.0 0.0 10.0
FS12F 0.0 10.6 12.8 68.1 6.4 0.0 0.0 0.0 21
FS13C 0.0 131 32.0 10.7 42.6 0.0 0.0 0.0 16
FS13F 0.0 3.6 10.7 50.0 32.1 0.0 0.0 0.0 3.6




Table 4.2-4
Species richness (taxons/0.04 m2) by major taxa for infauna collected in the Maryland and
Delaware study areain May 1998 and June 1999.

May 1998
Nemertinea Bivalvia Sipuncula Echinodermata Tota
Anthozoa Annelida Crustacea Phoronida Cephalochordata

SBB32 1 1 18 6 4 0 0 0 0 30
BBO4 1 1 11 1 3 0 0 0 0 17
FS01G 0 1 15 2 5 0 1 0 0 24
FS025D O 1 3 1 5 0 0 0 0 10
FS02C 1 1 7 7 7 0 0 1 1 25
FSO3E 0 0 0 0 6 0 0 0 1 7
FS04C 0 0 10 7 4 0 0 0 0 21
FSO4E 0 1 1 3 2 0 0 0 0 7
FS06C 1 1 11 11 4 0 0 1 1 30
FS06D 0 0 4 6 3 0 0 0 0 13
FS07B 0 0 10 11 6 0 1 0 0 28
FSO7F 0 1 5 1 5 0 0 0 0 12
FS08B 0 1 10 1 10 0 1 0 0 23
FS08C 0 1 14 8 2 1 0 0 0 26
FS08D 1 1 10 2 2 0 0 0 1 17
FSOBE 0 0 2 1 3 0 1 0 0 7
FS09A 0 0 11 4 7 0 0 0 1 23
FS09B 0 1 9 5 9 0 0 0 0 24
FS09C 0 0 2 1 3 0 0 0 0 6
FS09D 0 1 17 0 2 0 0 0 0 20
FS105D O 0 1 0 2 0 0 0 0 3
FS10A 0 1 18 0 6 0 0 1 0 26
FS10B 1 1 18 2 7 0 0 0 0 29
FS11C 0 1 10 6 1 0 0 0 0 18
FS12B 0 1 10 1 3 0 0 0 0 15
FS12C 0 1 11 1 2 0 0 0 1 16
FS12E 0 0 1 1 2 0 0 0 0 4
FS12F 0 1 6 2 2 0 0 1 0 12
FS13A 0 1 11 0 3 0 1 0 0 16
FS13C 1 1 16 4 4 0 0 0 1 27
FS13E 0 0 0 1 4 0 0 0 0 5
FS13F 1 1 7 2 6 0 0 0 0 17
FS14A 0 1 15 2 4 0 0 0 0 22
FS14D 0 0 3 1 2 0 0 0 0 6
FS14E 0 1 5 0 2 0 0 0 0 8
FS14F 0 1 9 2 5 0 0 0 0 17
FS14G 0 1 0 1 6 0 0 0 0 8
HCS31 0 1 17 5 6 0 1 0 0 30




Table4.2.4. Continued.

May 1998
Nemertinea Bivalvia Sipuncula Echinodermata Tota
Anthozoa Annelida Crustacea Phoronida Cephalochordata
IR02B 0 1 18 3 2 0 0 0 1 25
IR02C 0 1 13 4 2 0 0 0 0 20
IRO2D 0 1 15 7 2 0 0 0 0 25
IRO4B 0 1 11 3 3 0 0 0 0 18
IRO4D 0 0 8 2 4 0 0 0 0 14
IRO4AE 0 1 22 7 4 1 0 0 0 35
IRO5.5C O 1 10 4 4 0 0 0 0 19
IRO5D 0 0 13 6 5 1 1 0 0 26
IRO7C 0 1 12 1 4 0 0 1 0 19
IRO7E 0 0 9 0 2 1 1 0 0 13
IRO8B 0 0 7 2 4 0 0 0 0 13
IRO8C 0 1 11 2 3 0 0 0 0 17
IRO9A 1 1 8 4 3 0 0 0 0 17
IR0O9C 0 1 10 2 1 0 0 0 0 14
Totas 1 1 77 35 34 1 1 1 1 152
June 1999
Nemertinea Bivalvia Sipuncula Echinodermata Total
Anthozoa Annelida Crustacea Phoronida Cephalochordata

FS02C 1 1 1 7 3 0 0 1 0 14
FSO3E 0 0 0 1 5 0 0 0 1 7
FS04C 0 1 16 6 4 0 0 0 0 27
FSO4E 0 0 0 2 3 0 0 0 1 6
FS06C 1 1 8 6 2 0 0 1 1 20
FS06D 0 1 7 5 4 0 0 0 0 17
FSO7B1 O 1 20 9 5 0 0 0 0 35
FSO7B2 O 1 24 11 3 0 1 0 0 40
FSO7B3 1 1 21 8 5 1 0 0 0 37
FS08D 1 1 17 5 1 0 0 1 1 27
FSOBE 1 1 4 6 3 0 0 0 0 15
FS09B 0 1 14 3 13 0 0 0 0 31
FS10B 0 1 10 3 7 0 0 0 0 21
FS11C 0 1 9 2 3 0 0 0 0 15
FS12B 0 1 11 0 4 0 0 0 1 17
FS12C 1 1 13 2 4 0 0 0 1 22
FS12E 0 1 1 2 3 0 0 0 1 8
FS12F 0 1 4 5 2 0 0 0 1 13
FS13C 0 1 9 6 7 0 0 0 1 24
FS13F 0 1 3 3 4 0 0 0 1 12
Totas 1 1 57 23 22 1 1 1 1 108



Table 4.2-5
Percentage species by major taxa for infauna collected off Maryland and Delaware in May 1998
and June 1999.

May 1998
Station Nemertinea Mollusca Sipuncula Echinodermata
Anthozoa Annelida Crustacea Phoronida Cephalochordata

BBO02 3.3 33 60.0 20.0 133 0.0 0.0 0.0 0.0
BB04 5.9 5.9 64.7 5.9 17.6 0.0 0.0 0.0 0.0
FS01G 0.0 4.2 62.5 8.3 20.8 0.0 4.2 0.0 0.0
FS02.5D 0.0 10.0 30.0 10.0 50.0 0.0 0.0 0.0 0.0
FS02C 4.0 4.0 28.0 28.0 28.0 0.0 0.0 4.0 4.0
FSO3E 0.0 0.0 0.0 0.0 85.7 0.0 0.0 0.0 14.3
FS04C 0.0 0.0 47.6 33.3 19.0 0.0 0.0 0.0 0.0
FSO4E 0.0 14.3 14.3 42.9 28.6 0.0 0.0 0.0 0.0
FS06C 3.3 3.3 36.7 36.7 13.3 0.0 0.0 3.3 3.3
FS06D 0.0 0.0 30.8 46.2 231 0.0 0.0 0.0 0.0
FSO7B 0.0 0.0 35.7 39.3 21.4 0.0 3.6 0.0 0.0
FSO7F 0.0 8.3 41.7 8.3 41.7 0.0 0.0 0.0 0.0
FS08B 0.0 4.3 43.5 4.3 43.5 0.0 4.3 0.0 0.0
FS08C 0.0 3.8 53.8 30.8 1.7 3.8 0.0 0.0 0.0
FSO08D 5.9 5.9 58.8 11.8 11.8 0.0 0.0 0.0 5.9
FSO8E 0.0 0.0 28.6 14.3 42.9 0.0 14.3 0.0 0.0
FSO9A 0.0 0.0 47.8 174 30.4 0.0 0.0 0.0 4.3
FS09B 0.0 4.2 37.5 20.8 37.5 0.0 0.0 0.0 0.0
FS09C 0.0 0.0 33.3 16.7 50.0 0.0 0.0 0.0 0.0
FS09D 0.0 5.0 85.0 0.0 10.0 0.0 0.0 0.0 0.0
FS10.5D 0.0 0.0 33.3 0.0 66.7 0.0 0.0 0.0 0.0
FS10A 0.0 3.8 69.2 0.0 231 0.0 0.0 3.8 0.0
FS10B 3.4 34 62.1 6.9 24.1 0.0 0.0 0.0 0.0
FS11C 0.0 5.6 55.6 333 5.6 0.0 0.0 0.0 0.0
FS12B 0.0 6.7 66.7 6.7 20.0 0.0 0.0 0.0 0.0
FS12C 0.0 6.3 68.8 6.3 125 0.0 0.0 0.0 6.3
FS12E 0.0 0.0 25.0 25.0 50.0 0.0 0.0 0.0 0.0
FS12F 0.0 8.3 50.0 16.7 16.7 0.0 0.0 8.3 0.0
FS13A 0.0 6.3 68.8 0.0 18.8 0.0 6.3 0.0 0.0
FS13C 3.7 3.7 59.3 14.8 14.8 0.0 0.0 0.0 3.7
FS13E 0.0 0.0 0.0 20.0 80.0 0.0 0.0 0.0 0.0
FS13F 5.9 5.9 41.2 11.8 35.3 0.0 0.0 0.0 0.0
FS14A 0.0 4.5 68.2 9.1 18.2 0.0 0.0 0.0 0.0
FS14D 0.0 0.0 50.0 16.7 33.3 0.0 0.0 0.0 0.0
FS14E 0.0 125 62.5 0.0 25.0 0.0 0.0 0.0 0.0
FS14F 0.0 5.9 52.9 11.8 294 0.0 0.0 0.0 0.0
FS14G 0.0 12.5 0.0 12.5 75.0 0.0 0.0 0.0 0.0
HCS31 0.0 33 56.7 16.7 20.0 0.0 3.3 0.0 0.0



Table4.25. Continued.

May 1998
Station Nemertinea Bivalvia Sipuncula Echinodermata
Anthozoa Annelida Crustacea Phoronida Cephalochordata

IRO2B 0.0 4.0 72.0 12.0 8.0 0.0 0.0 0.0 4.0
IRO2C 0.0 5.0 65.0 20.0 10.0 0.0 0.0 0.0 0.0
IRO2D 0.0 4.0 60.0 28.0 8.0 0.0 0.0 0.0 0.0
IRO4B 0.0 5.6 61.1 16.7 16.7 0.0 0.0 0.0 0.0
IR0O4D 0.0 0.0 57.1 14.3 28.6 0.0 0.0 0.0 0.0
|ROAE 0.0 29 62.9 20.0 114 29 0.0 0.0 0.0
IR0O5.5C 0.0 5.3 52.6 211 211 0.0 0.0 0.0 0.0
IRO5D 0.0 0.0 50.0 23.1 19.2 3.8 3.8 0.0 0.0
IRO7C 0.0 5.3 63.2 5.3 211 0.0 0.0 5.3 0.0
IRO7E 0.0 0.0 69.2 0.0 154 7.7 7.7 0.0 0.0
IRO8B 0.0 0.0 53.8 154 30.8 0.0 0.0 0.0 0.0
IRO8C 0.0 5.9 64.7 11.8 17.6 0.0 0.0 0.0 0.0
IRO9A 5.9 5.9 47.1 235 17.6 0.0 0.0 0.0 0.0
IRO9C 0.0 7.1 71.4 14.3 7.1 0.0 0.0 0.0 0.0

June 1999
Station Nemertinea Mollusca Sipuncula Echinodermata
Anthozoa Annelida Crustacea Phoronida Cephalochordata

FS02C 7.1 7.1 7.1 50.0 21.4 0.0 0.0 7.1 0.0
FSO3E 0.0 0.0 0.0 14.3 714 0.0 0.0 0.0 14.3
FS04C 0.0 3.7 59.3 222 14.8 0.0 0.0 0.0 0.0
FSO4E 0.0 0.0 0.0 33.3 50.0 0.0 0.0 0.0 16.7
FS06C 5.0 5.0 40.0 30.0 10.0 0.0 0.0 5.0 5.0
FSO06D 0.0 5.9 41.2 294 235 0.0 0.0 0.0 0.0
FSO7B1 0.0 29 57.1 25.7 14.3 0.0 0.0 0.0 0.0
FSO7B2 0.0 25 60.0 27.5 7.5 0.0 2.5 0.0 0.0
FSO7B3 2.7 2.7 56.8 21.6 135 2.7 0.0 0.0 0.0
FS08D 3.7 3.7 63.0 185 3.7 0.0 0.0 3.7 3.7
FSO8E 6.7 6.7 26.7 40.0 20.0 0.0 0.0 0.0 0.0
FS09B 0.0 3.2 45.2 9.7 41.9 0.0 0.0 0.0 0.0
FS10B 0.0 4.8 47.6 14.3 33.3 0.0 0.0 0.0 0.0
FS11C 0.0 6.7 60.0 13.3 20.0 0.0 0.0 0.0 0.0
FS12B 0.0 5.9 64.7 0.0 235 0.0 0.0 0.0 5.9
FS12C 4.5 4.5 59.1 9.1 18.2 0.0 0.0 0.0 4.5
FS12E 0.0 125 125 25.0 37.5 0.0 0.0 0.0 125
FS12F 0.0 7.7 30.8 38.5 154 0.0 0.0 0.0 1.7
FS13C 0.0 4.2 375 25.0 29.2 0.0 0.0 0.0 4.2
FS13F 0.0 8.3 25.0 25.0 33.3 0.0 0.0 0.0 8.3




Table 4.2.6.
Biomass (mg wet/0.04 nf) by major taxa for infauna collected off Maryland and Delaware in May 1998

and June 1999.
May 1998

Anthozoa Polychagetes Gastropods | sopods Other Crustaceans Phoronida  Cephalochordata
Station Nemertinea Oligochaetes Bivalves Amphipods Sipuncula Echinodermata Total
BB02 1 5 80 9 0 14 0.5 8 0.5 0 0 0 0 118
BB04 0.5 2 45 15 0 1 0 17 2 0 0 0 0 92
FS01G 0 5 2387.5 0.5 4893 1 62 17 0.5 0 05 O 0 7367
FS025D O 0.5 4.5 0 0 05 325 &7 0.5 0 0 0 0 125.5
FS02C 2 679 5 1 1 6798 282 69 1 0 0 7 123 7968
FSO3E 0 0 0 0 0 0 18 117 0.5 0 0 0 6 1415
FS04C 0 0 645 4 1143 8176 9 4 0 0 0 0 0 9981
FSO4E 0 1 0 0.5 3 4.5 0 6.5 0 0 0 0 0 155
FS06C 7 7 2915 30 28 700.5 0.5 15 0.5 0 0 4 285 1355.5
FS06D 0 0 25 2 1 502 6.5 18 0 0 0 0 0 532
FSO07B 0 0 715 7 485 1555 16 1735 2 0 05 O 0 1118
FSO7F 0 1 4.5 0.5 0 445 05 265 0 0 0 0 0 478
FS08B 0 2 3485 0 0 0.5 15 16 5 0 05 O 0 374
FS08C 0 1 3225 1 46 719 0 1 0 3 0 0 0 1093.5
FS08D 1 6 34.5 8 0 120 0.5 1 0 0 0 0 10 181
FSO8E 0 0 0.5 0.5 0 0.5 4 52 0 0 05 O 0 58
FS09A 0 0 255 2 0 11 0 114 1 0 0 0 111 264.5
FS09B 0 3 15 2 0 35 13 27 3 0 0 0 0 66.5
FS09C 0 0 0.5 0.5 0 1 42 %) 0 0 0 0 0 98
FS09D 0 5 1135 3 0 0 0 2 0 0 0 0 0 1235
FS105D O 0 1 0 0 0 4 9 0 0 0 0 0 14
FS10A 0 3 1135 0.5 0 0 0 525 0.5 0 0 13 0 183
FS10B 0.5 8 355 5 0 4 0 77 2 0 0 0 0 132
FS11C 0 4 325 3 3 68 0 124 0 0 0 0 0 234.5
FS12B 0 15 1195 1 0 0.5 0 0.5 1 0 0 0 0 1375
FS12C 0 1 5 3 0 1 0 2 0.5 0 0 0 6 185
FS12E 0 0 0.5 0 0 39 0 12 0 0 0 0 0 515
FS12F 0 3 255 2 0 Q0 0.5 115 0 0 0 0. 0 236.5
FS13A 0 3 155 0.5 0 0 0 0 7.5 0 3 0 0 295
FS13C 2 5 596 3 5 25 0 19 1 0 0 0 9 642.5
FS13E 0 0 0 0 0 25 147 135 0 0 0 0 0 1855
FS13F 05 10 3 4 0 1 85 9.5 1 0 0 0 0 375
FS14A 0 8 119 14 0 48 9 14 4 0 0 0 0 216
FS14D 0 0 15 0 0 30 0 12 0.5 0 0 0 0 4
FS14E 0 0.5 25 0.5 0 0 87 11 0 0 0 0 0 1015
FS14F 0 20 235 3 0 1 0 15 4 0 0 0 0 53
FS14G 0 0.5 0 0 0 55 4 43 1 0 0 0 0 103.5



Table4.2-6 Continued

May 1998

Anthozoa Polychaetes Gastropods | sopods Other Crustaceans Phoronida  Cephalochordata
Station Nemertinea Oligochaetes Bivalves Amphipods Sipuncula Echinodermata Tota
HCS31 0 182 36335 2 0 1459 6 36 4 0 30 0 0 5352.5
IR02B 0 6 101 2 0.5 4.5 0 0.5 0.5 0 0 0 18 133
IR02C 0 9 83 7 0 56.5 0.5 0.5 0 0 0 0 0 156.5
IR02D 0 5 147.5 2 0 1438.5 0 1 1 0 0 0 0 1595
IR04B 0 1 210 0.5 0 47 0 24 1 0 0 0 0 283.5
IR04D 0 0 154 0.5 0.5 0.5 3 4 2 0 0 0 0 164.5
IRO4E 0 0.5 906.5 6 71 3 11 82 0 1 0 0 0 1081
IRO5 5C O 50 975 2 0 78386 86 20 0 0 0 0 0 78641.5
IRO5D 0 0 425 0.5 0.5 88136 11 15 0.5 0. 05 O 0 88576
IRO7C 0 1 1108 0.5 0 3 0 11 1 0 0 4 0 1128.5
IRO7E 0 0 225 0.5 0 0 0 1 05 15 05 O 0 40
IRO8B 0 0 9.5 0.5 0 55 67 11 0.5 0 0 0 0 1435
IR0O8C 0 0.5 105 0 541 0.5 0 135 0 0 0 0 0 660.5
IRO9A 30 2 46 0.5 0 35 0.5 2.5 0 0 0 0 0 85
IR09C 0 6 23 18 0 2741.5 0 0 12 0 0 0 0 2800.5
June 1999

Anthozoa Polychaetes Gastropods | sopods Other Crustaceans Phoronida  Cephalochordata
Station Nemertinea Oligochaetes Bivalves Amphipods Sipuncula Echinodermata Tota
FS02C 05 &9 67 0 11 12855 2 41 0 0 0 72 0 131375
FSO3E 0 0 0 0 0 71 05 17 0.5 0 0 0 330 419
FS04C 0 23 2650 1 2 3457 0 74 0 0 0 0 0 6207
FSO4E 0 0 0 0 8 49 0 49 0 0 0 0 10 116
FS06C 0.5 8 285 1 0 60 6.5 0 0 0 0 12 13 129.5
FS06D 0 0.5 4 0.5 0 69 05 79 0 0 0 0 0 153.5
FS07B1 0 8 1817 23 342 3406 0 5825 14 0 0 0 0 6192.5
FS07B2 0 4 1554 7 502 259.5 0 235 6 0 19 0 0 2586.5
FS07B3 6 1 22045 13 40 1155 0 436.5 1 0. 0 0 0 3857.5
FS08D 18 12 233 6 9 186.5 1 0 0 0 0 2 5 472.5
FSO8E 0.5 1 4 05 14 227.5 1 19 0 0 0 0 0 267.5
FS09B 0 15 555 28 3 166 9 146 5 0 0 0 0 427.5
FS10B 0 4 188 0.5 0 849 0 402 16.5 0 0 0 0 1460
FS11C 0 4 47 4 0 145 98 135 0 0 0 0 0 181
FS12B 0 5 2 0.5 0 0 0 165 1 0 0 0 21 214.5
FS12C 1 6 12 2 0 224 0 12 1 0 0 0 16 274
FS12E 0 0.5 0.5 0 3 95 7 9.5 0 0 0 0 9 124.5
FS12F 0 3 8 0.5 6.5 1705 0 3 0 0 0 0 10 231.5
FS13C 0 8 19 1 14 549.5 0 128 3 0 0 0 40 762.5
FS13F 0 0.5 164.5 0 4 133 0 145 0 0 0 0 40 356.5




Table 4.2-7

Percentage of biomass by major taxa for infauna collected off Maryland and Delaware in
May 1998 and June 1999.

May 1998
Anthozoa Polychagetes Gastropods | sopods Other Crustaceans Phoronida  Cephalochordata
Station Nemertinea Oligochaetes Bivalves Amphipods Sipuncula Echinodermata

BB02 0.8 42 678 7.6 0.0 119 0.4 6.8 0.4 00 00 00 00
BB04 0.5 22 592 163 0.0 11 0.0 185 2.2 00 00 00 00
FS01G 0.0 01 324 00 664 0.0 0.8 0.2 0.0 00 00 00 0.0
FS02.5D 0.0 0.4 3.6 0.0 0.0 04 259 693 0.4 00 00 00 0.0
FS02C 0.0 8.5 0.1 0.0 0.0 853 35 0.9 0.0 00 00 01 15
FSO3E 0.0 0.0 0.0 0.0 0.0 0.0 127 827 0.4 00 00 00 42
FS04C 0.0 0.0 6.5 0.0 115 81.9 0.1 0.0 0.0 00 00 00 00
FSOAE 0.0 6.5 0.0 32 194 29.0 0.0 419 0.0 00 00 00 00
FS06C 0.5 05 215 2.2 21 517 0.0 0.1 0.0 00 00 03 210
FS06D 0.0 0.0 0.5 0.4 02 944 1.2 34 0.0 00 00 00 OO0
FS07B 0.0 0.0 640 0.6 4.3 13.9 1.4 155 0.2 00 00 00 00
FSO7F 0.0 0.2 0.9 0.1 0.0 931 0.1 55 0.0 00 00 00 00
FS08B 0.0 05 932 0.0 0.0 0.1 0.4 4.3 13 00 01 00 00
FS08C 0.0 01 295 0.1 42 658 0.0 0.1 0.0 03 00 00 00
FS08D 0.6 33 191 4.4 0.0 663 0.3 0.6 0.0 00 00 00 55
FSO8E 0.0 0.0 0.9 0.9 0.0 0.9 6.9 897 0.0 00 09 00 00
FS09A 0.0 0.0 9.6 0.8 0.0 4.2 0.0 431 0.4 0.0 00 0.0 420
FS09B 0.0 45 226 3.0 0.0 53 195 406 4.5 00 00 00 00
FS09C 0.0 0.0 0.5 0.5 0.0 10 429 551 0.0 00 00 00 00
FS09D 0.0 40 919 24 0.0 0.0 0.0 1.6 0.0 00 00 00 00
FS10.5D 0.0 0.0 7.1 0.0 0.0 0.0 286 643 0.0 00 00 00 00
FS10A 0.0 16 620 0.3 0.0 0.0 0.0 287 0.3 00 00 71 00
FS10B 0.4 6.1 269 3.8 0.0 3.0 0.0 583 15 00 00 00 00
FS11C 0.0 1.7 139 13 13 290 0.0 529 0.0 00 00 00 00
FS12B 0.0 109 869 0.7 0.0 0.4 0.0 0.4 0.7 00 00 00 00
FS12C 0.0 54 270 162 0.0 54 0.0 108 2.7 00 00 00 324
FS12E 0.0 0.0 1.0 0.0 0.0 757 0.0 233 0.0 00 00 00 0.0
FS12F 0.0 1.3 108 0.8 0.0 381 0.2 486 0.0 00 00 02 00
FS13A 0.0 102 525 1.7 0.0 0.0 0.0 0.0 254 0.0 102 00 0.0
FS13C 0.3 0.8 928 0.5 0.8 0.4 0.0 3.0 0.2 00 00 00 14
FS13E 0.0 0.0 0.0 0.0 0.0 135 792 7.3 0.0 00 00 00 00
FS13F 1.3 267 8.0 107 0.0 27 227 253 2.7 00 00 00 00
FS14A 0.0 3.7 551 6.5 0.0 222 4.2 6.5 1.9 00 00 00 00
FS14D 0.0 0.0 34 0.0 0.0 682 0.0 273 11 00 00 00 00
FS14E 0.0 0.5 25 0.5 0.0 0.0 857 108 0.0 00 00 00 00
FS14F 0.0 377 443 5.7 0.0 19 0.0 2.8 7.5 00 00 00 00
FS14G 0.0 0.5 0.0 0.0 0.0 531 3.9 415 1.0 00 00 00 00



Table 4.2-7 Continued

May 1998
Anthozoa Polychaetes Gastropods Isopods Other Crustaceans Phoronida  Cephaochordata
Station Nemertinea Oligochaetes Bivalves Amphipods Sipuncula Echinodermata
HCS31 0.0 34 679 0.0 0.0 27.3 0.1 0.7 0.1 00 06 00 00
IR02B 0.0 45 759 15 0.4 3.4 0.0 0.4 0.4 0.0 0.0 0.0 135
IR02C 0.0 58 530 4.5 0.0 36.1 0.3 0.3 0.0 00 00 00 00
IR02D 0.0 0.3 9.2 0.1 0.0 90.2 0.0 0.1 0.1 00 00 00 00
IR04B 0.0 04 741 0.2 0.0 16.6 0.0 8.5 0.4 00 00 00 00
IR04D 0.0 0.0 936 0.3 0.3 0.3 1.8 2.4 1.2 00 00 00 00
IRO4E 0.0 0.0 839 0.6 6.6 0.3 1.0 7.6 0.0 01 00 00 0.0
IRO5 5C 0.0 0.1 0.1 0.0 0.0 99.7 0.1 0.0 0.0 00 00 00 o0.0
IRO5D 0.0 0.0 0.5 0.0 0.0 99.5 0.0 0.0 0.0 00 00 00 o0.0
IRO7C 0.0 0.1 982 0.0 0.0 0.3 0.0 1.0 0.1 00 00 04 00
IRO7E 0.0 0.0 56.3 1.3 0.0 0.0 0.0 25 1.3 375 1.3 00 0.0
IR0O8B 0.0 0.0 6.6 0.3 0.0 383 46.7 7.7 0.3 00 00 00 o0
IR0O8C 0.0 0.1 159 0.0 819 0.1 0.0 2.0 0.0 00 00 00 0.0
IR09A 35.3 24 541 0.6 0.0 4.1 0.6 2.9 0.0 00 00 00 0.0
IR09C 0.0 0.2 0.8 0.6 0.0 97.9 0.0 0.0 0.4 00 00 00 00
June 1999
Anthozoa Polychaetes Gastropods Isopods Other Crustaceans Phoronida  Cephalochordata

Station Nemertinea Oligochaetes Bivalves Amphipods Sipuncula Echinodermata
FS02C 0.0 0.7 0.5 0.0 0.1 97.8 0.0 0.3 0.0 00 00 05 00
FSO3E 0.0 0.0 0.0 0.0 0.0 16.9 0.1 4.1 0.1 0.0 00 0.0 788
FS04C 0.0 04 427 0.0 0.0 55.7 0.0 1.2 0.0 00 00 00 00
FSO4E 0.0 0.0 0.0 0.0 6.9 422 0.0 422 0.0 00 00 00 86
FS06C 0.4 6.2 220 0.8 0.0 46.3 5.0 0.0 0.0 0.0 0.0 93 100
FS06D 0.0 0.3 2.6 0.3 0.0 45.0 0.3 515 0.0 00 00 00 00
FS07B1 0.0 0.1 293 0.4 55 55.0 0.0 9.4 0.2 00 00 00 00
FS07B2 0.0 0.2 60.1 0.3 194 10.0 0.0 9.1 0.2 00 07 00 o0.0
FS07B3 0.2 00 571 0.3 1.0 299 0.0 113 0.0 00 00 00 o0.0
FS08D 3.8 25 493 1.3 1.9 395 0.2 0.0 0.0 00 00 04 11
FSO8E 0.2 0.4 15 0.2 52 85.0 0.4 7.1 0.0 00 00 00 o0
FS09B 0.0 35 130 6.5 0.7 38.8 21 342 1.2 00 00 00 o0
FS10B 0.0 0.3 129 0.0 0.0 58.2 0.0 275 11 00 00 00 o0
FS11C 0.0 22 260 2.2 0.0 80 541 7.5 0.0 00 00 00 00
FS12B 0.0 23 103 0.2 0.0 0.0 0.0 76.9 0.5 00 00 00 098
FS12C 0.4 2.2 4.4 0.7 0.0 818 0.0 4.4 0.4 00 00 00 58
FS12E 0.0 0.4 0.4 0.0 2.4 76.3 5.6 7.6 0.0 00 00 00 72
FS12F 0.0 1.3 35 0.2 2.8 73.7 0.0 143 0.0 00 00 00 43
FS13C 0.0 1.0 2.5 0.1 1.8 72.1 0.0 168 0.4 00 00 00 52
FS13F 0.0 0.1 461 0.0 1.1 373 0.0 4.1 0.0 00 00 00 112




Table4.2.8.
Community Structure

May 1998
Total Tota Species Shannon Simpson
Station Species Individuals Richness Diversity Evenness Dominance
BB02 30 348 343 3.65 0.74 0.11
BB0O4 17 271 1.98 231 0.57 0.37
FS01G 24 3108 1.98 0.44 0.10 0.91
FS02.5D 10 48 161 2.35 0.71 0.29
Fso02C 25 150 3.32 3.72 0.80 0.12
FSO3E 7 21 1.37 2.33 0.83 0.26
FSo04C 21 872 2.05 2.03 0.46 0.37
FS04E 7 7 214 281 1.00 0.14
FS06C 30 416 3.33 347 0.71 0.15
FS06D 13 57 2.06 3.07 0.83 0.16
FS07B 28 461 3.05 3.75 0.78 0.10
FSO7F 12 34 2.16 2.90 0.81 0.20
FS08B 23 78 3.50 3.89 0.86 0.10
FS08C 26 168 3.38 3.65 0.78 0.12
FS08D 17 168 2.16 281 0.69 0.20
FSO8E 7 11 1.73 2.55 0.91 0.21
FS09A 23 118 3.20 355 0.79 0.12
FS09B 24 o2 353 3.64 0.79 0.12
FS09C 6 16 1.25 1.97 0.76 0.36
FS09D 20 78 3.02 3.15 0.73 0.20
FS10.5D 3 4 1.00 1.50 0.95 0.38
FS10A 26 200 3.27 3.16 0.67 0.23
FS10B 29 181 3.73 3.76 0.77 0.12
FS11C 18 97 2.58 3.20 0.77 0.16
FS12B 15 83 2.20 354 0.91 0.10
FSi12C 16 59 255 3.10 0.78 0.17
FS12E 4 4 1.50 2.00 1.00 0.25
FS12F 12 35 2.14 3.08 0.86 0.15
FS13A 16 35 2.92 3.73 0.93 0.09
FS13C 27 187 345 3.65 0.77 0.13
FS13E 5 8 1.33 2.16 0.93 0.25
FS13F 17 123 2.30 3.20 0.78 0.16
FS14A 2 271 2.60 3.00 0.67 0.18
FS14D 6 9 1.58 242 0.94 021
FS14E 8 16 1.75 2.38 0.79 0.29
FS14F 17 73 2.58 3.25 0.80 0.15
FS14G 8 16 1.75 2.38 0.79 0.29
HCS31 30 1231 2.82 1.82 0.37 0.53
IR02B 25 3 3.67 3.78 0.81 0.11
IR02C 20 243 2.40 345 0.80 0.12
IR02D 25 149 3.32 3.60 0.78 0.14
IR04B 18 25 3.66 4.00 0.96 0.07
IR0O4D 14 21 2.96 3.65 0.96 0.09
IRO4E 35 312 410 3.79 0.74 0.11
IR05.5C 19 60 3.05 3.38 0.80 0.15
IRO5D 26 165 3.39 2.78 0.59 0.33
IRO7C 19 56 3.10 3.60 0.85 0.11
IRO7E 13 26 255 347 0.94 0.10

IR0O8B 13 21 273 342 0.93 0.12



Table 4.2-8 Continued

Total Total Species Shannon Simpson
Station Species Individuals Richness Diversity Evenness Dominance
IR0O8C 17 61 2.70 3.48 0.85 0.12
IRO9A 17 41 2.99 3.34 0.82 0.16
IR0O9C 14 207 1.69 1.56 0.41 0.57
Community structrue 1999
Total Tota Species Shannon Simpson
Station Species Individuals Richness Diversity Evenness Dominance
FS02C 14 68 2.14 2.92 0.77 0.20
FSO3E 7 14 1.58 241 0.86 0.25
FS04C 27 1336 2.50 1.90 0.40 0.51
FSO04E 6 13 1.35 2.29 0.89 0.24
FS06C 20 101 2.85 2.97 0.69 0.27
FS06D 17 35 312 351 0.86 0.14
FS07B1 35 1290 3.29 3.15 0.61 0.19
FS07B2 40 1162 3.83 3.17 0.60 021
FS07B3 37 1006 361 384 0.74 0.10
FS08D 27 168 352 4.00 0.84 0.09
FSO08E 15 43 2.58 3.29 0.84 0.14
FS09B 31 230 3.82 3.73 0.75 0.15
FS10B 21 203 2.61 1.70 0.39 0.60
FS11C 15 65 2.32 352 0.90 0.11
FS12B 17 130 2.28 2.58 0.63 0.27
FSs12C 22 74 3.38 3.79 0.85 0.10
FS12E 8 10 211 2.85 0.95 0.16
FS12F 13 47 2.16 2.63 0.71 0.29
FS13C 24 122 3.32 3.69 0.81 0.11

FS13F 12 28 2.29 2.99 0.84 0.18




Table4.2.9

Constancy and fidelity based on noda analysis of all grab data.
See Figure 4.2.x for stations and species in each group.

Constancy
Species Station Group
Group A B C D E

I 0.2 0.4 0.0 0.1 0.1
I 0.5 0.3 0.0 0.1 0.2
11 0.2 0.3 0.2 0.2 0.1
v 0.1 0.1 0.1 0.2 0.4

\Y 0.0 0.0 0.0 0.0 0.3
VI 0.1 0.0 0.0 0.0 0.5
Fidelity
Species Station Group
Group A B C D E

I 1.0 2.8 0.0 0.6 0.7
I 17 1.0 0.1 04 0.7
" 12 15 11 0.9 04
v 0.7 0.4 0.6 0.9 24
\% 0.4 01 0.0 0.4 4.1
VI 0.5 0.3 0.0 0.4 4.1




Table 4.2-10
Dominant taxa (present at >20% of the stations, 15 of 70 stations) collected

in the MD/DE study area.
Taxa MajorTaxa Total Occurences Total Abundance
Oligochaeta Annelida 58 1610
Nemertinea Nemertinea 55 414
Tellina spp. Bivalvia a7 732
Spiophanes bombyx Annelida 39 5902
Aricidea (Acmira) cerrutii Annelida 37 426
Aricidea (Acmira) catherinae  Annelida 32 244
Parapionosyllis longicirrata ~ Annelida 30 109
Unciola irrorata Crustacea 30 279
Protohaustorius wigleyi Crustacea 29 110
Aphelochaeta sp. Anneida 25 165
Braniawellfleetensis Annelida 23 222
Crenella glandula Bivalvia 23 128
Tanaissus psammophilus Crustacea 22 101
Hesionura elongata Annelida 21 115
Hemipodus roseus Annelida 21 54
Astarte spp. Bivalvia 21 166
Nephtys spp. Annelida 20 53
Asabellides oculata Annelida 20 342
Branchiostoma caribaeum Cephalochordata 18 25
Mytilus edulis Bivalvia 17 130
Chiridotea coeca Crustacea 17 57
Byblis serrata Crustacea 17 250
Pseudunciola obliquua Crustacea 17 231
Spio setosa Annelida 16 788
Caulleriellasp. B Annelida 16 84
Pseudol eptocuma minor Crustacea 16 25
Anthozoa Cnidaria 15 53
Streptosyllis pettiboneae Annelida 15 54
Spisula solidissma Bivalvia 15 27
Lyonsia hyaina Bivalvia 15 27
Oxyurostylis smithi Crustacea 15 19




Table4.2-11

Abundance dominants from MD/DE. Includes all taxathat were at least one percent
of thetotal abundance in either May 1998 or September 1999 with and without the
polychaete Spiophanes bombyx.

Percent of Percentages

Major Taxa Abundance Total Abundance No S. bombyx

Taxa Taxa 98&99 98 99 98&99 98 99 98&99 9B 99
Annelida Spiophanes bombyx 5902 4240 1662 362 399 270 . . .

Annelida Oligochaeta 1610 1218 392 96 115 64 148 9.7 26
Annelida Spio setosa 788 73 715 47 0.7 116 72 06 47
Bivalvia Tellinaspp. 732 388 344 44 36 56 6.7 31 23
Bivalvia Nuculaspp. 624 550 74 37 52 12 57 44 05
Annelida Apoprionospio pygmaea 478 50 428 28 05 70 44 04 238
Annelida Aricidea (Acmira) cerrutii 426 388 33 25 36 06 39 31 03
Nemertinea  Nemertinea 414 301 113 25 28 18 38 24 07
Annelida Asabellides oculata 342 242 100 20 23 16 31 19 07
Annelida Mediomastus ambiseta 326 132 194 19 12 32 30 11 13
Annelida Macroclymene zonalis 281 2 279 1.7 00 45 26 00 18
Crustacea Unciolairrorata 279 125 154 17 12 25 26 10 10
Crustacea Byblis serrata 250 15 23% 15 01 38 23 01 16
Annelida Aricidea (Acmira) catherinae 244 149 95 15 14 15 22 12 06
Crustacea Pseudunciola obliquua 231 73 158 14 07 26 21 06 10
Annelida Brania wellfleetensis 222 193 29 1.3 18 05 20 15 0.2
Bivalvia Astarte spp. 166 122 14 10 11 07 15 1.0 03
Annelida Aphelochaeta sp. 165 137 28 10 13 05 15 11 0.2
Annelida Paradoneis sp. B 133 133 0 08 13 00 12 11 00
Bivavia Mytilus edulis 130 121 9 08 11 01 12 10 01
Bivalvia Crenella glandula 128 79 49 08 07 038 12 06 03
Annelida Hesionura elongata 115 100 15 07 09 0.2 1.1 08 01
Crustacea Protohaustorius wigleyi 110 88 22 07 08 04 1.0 07 01
Annelida Protodorvillea kefersteini 110 85 25 07 08 04 10 0.7 02
Annelida Parapionosyllislongicirrata 109 99 10 06 09 02 10 08 0.1
Annelida Clymenella torquata 104 1 103 06 00 17 1.0 00 0.7




Table 4.2-12

Biomass dominants (>0.5 g wet weight/0.04 nf) collected in the MD/DE study area.
Numerical or occurrence dominant species are also included.

Tota

Taxa Biomass

Percent
Taxa Biomass

Mean Individual
Biomass

Major (g wet wt/0.04 nf) (%) (mg/individual)
Taxa Taxa 9899 98 99 98&99 98 99 98&99 98 9
Sisula solidissima Bivalvia 166.2 1658 05 659 772 1.3 6157.1 72069 1210
Astarte spp. Bivalvia 210 7.3 137 83 34 365 126.8 602 3116
Nucula spp. Bivalvia 113 96 17 45 45 45 181 174 231
Spiophanes bombyx Polychaeta 72 45 27 29 21 71 1.2 11 1.6
Busycon canaliculata Gastropoda 49 49 * 19 23 . 4893.0 4893.0 .
Ensisdirectus Bivalvia 47 01 46 19 00 122 53.3 258 54.6
Pitar morrhuanus Bivalvia 45 45 0.0 18 21 01 104.8 1118.6 0.8
Asabellides oculata Polychaeta 43 26 16 17 12 43 124 109 16.0
Tellinaspp. Bivalvia 39 09 30 16 04 81 5.4 2.3 8.8
Nassarius trivittatus Gastropoda 26 18 08 10 08 21 257.0 2547 2623
Lumbrinerisfragilis Polychaeta 1.7 17 . 0.7 0.8 . 191.8 1918 .
Nemertinea Nemertinea 13 11 02 05 05 05 3.0 35 1.7
Branchiostoma caribaecum  Cephalochordata 1.1 0.6 0.5 04 03 13 125 56.8 329
Sio setosa Polychaeta 10 05 06 04 02 15 1.3 6.4 0.8
Ampelisca spp. Amphipoda 10 02 09 04 01 23 10.2 109 101
Crenella glandula Bivalvia 09 06 03 04 03 07 7.0 7.9 55
Byblis serrata Amphipoda 09 01 07 03 01 19 3.5 9.9 3.1
Politolana concharum | sopoda 08 07 01 03 03 03 30.7 309 295
Mytilus edulis Bivalvia 0.7 07 00 03 03 00 5.8 6.1 1.0
Unciolairrorata Amphipoda 07 02 05 03 01 13 2.4 14 3.2
Glycera americana Polychaeta 06 05 02 03 02 04 20.4 19.0 26.3
Notocirrus spiniferus Polychaeta 06 01 05 02 00 13 97.7 405 126.3
Sgalion arenicola Polychaeta 05 03 03 02 01 07 78.1 67.5 923
Macroclymene zonalis Polychaeta 05 00 05 02 00 14 19 7.0 19
Subdominant Species:
Acanthohaustorius bousfieldi Amphipoda 0.1 . 0.1 0.0 . 0.2 315 . 315
Parahaustorius holmesi Amphipoda 03 02 01 01 01 02 285 324 218
Parahaustorius attenuatus ~ Amphipoda 01 01 01 01 26.0 26.0
Periploma papyratium Bivalvia 03 03 01 01 262.0 262.0
Pandoratrilineata Bivalvia 0.2 0.2 01 01 2240 2240
Sliqua costata Bivalvia 01 01 . 0.0 0.0 . 59.0 59.0 .
Scoletoma acicularum Polychaeta 03 00 03 01 00 07 72.8 9.0 264.0
Leitoscol oplosspp. Polychaeta 04 00 04 02 00 12 725 0.5 1085
Onuphis eremita Polychaeta 01 01 . 0.0 0.0 . 58.0 58.0 .
Glycera dibranchiata Polychaeta 04 01 03 02 00 09 431 126  165.0
Ophelia denticulata Polychaeta 05 05 00 02 02 00 252 159.2 0.1
Shenelaislimicola Polychaeta 02 02 00 01 01 00 225 241 8.0
Lumbrinerides dayi Polychaeta 03 00 03 01 00 08 216 35 615
Scoletoma tenuis Polychaeta 02 00 02 01 00 04 20.7 54 330




Table 4.2-13

Summary of overall dominants based on occurrence, abundance, and biomass
collected in the MD/DE study area.

Occurrences Abundance Biomass Mean Individual
MajorTaxa Taxa Number % ind./0.04 nf % gwet/0.04nf % Weight (mg)
Nemertiena Nemertinea 55 76 414 2 13 0.5 3.0
Polychaeta Asabellides oculata 20 28 342 2 4.3 17 124
Polychaeta oio setosa 16 22 788 5 1.0 0.4 1.3
Polychaeta Spiophanes bombyx 39 54 5902 35 7.2 2.9 12
Bivavia Astarte spp. 21 29 166 1 21.0 8.3 126.8
Bivalvia Crenella glandula 23 32 128 1 0.9 0.4 7.0
Bivavia Mytilus edulis 17 24 130 1 0.7 0.3 5.8
Bivalvia Tellinaspp. 47 65 732 4 39 16 54
Amphipoda Byblis serrata 17 24 250 1 0.9 0.3 35
Amphipoda Unciolairrorata 30 a2 279 2 0.7 0.3 2.4




Table 4.2-14.

Average abundance of dominant taxa (those that were important contributorsto either occurrence, abundance, or
biomass) by cluster analysis station group (see Fig. 4.2-2). Dominance Type are: O = ccurrence (>20% of stations),
A = Abundance (>1% of total abundance for May or September cruise), B = Biomass (>0.5 g total wet weight).

* = average abundance was <1. Blank =taxadid not occur in station group.

Dominance Major

Average Abundance (individual§/0.04 nf)
Cluster Analysis Station Group

Type Taxa Speciesor Taxa A AL A B B C D D D" E FE
O,A,.B Nemertinea Nemertinea 11 10 3 6 10 * 2 1 1 5 *
o Cnidaria Anthozoa 1 2 5 1 >
OA Oligochaeta Oligochaeta B 55 2 B 26 4 5 1 42 16
OA Polychaeta Aphelochaeta sp. 8 1 1 1 * * 2 x
A Polychaeta Apoprionospio pygmaea * * 68
OA Polychaeta Aricidea (Acmira) catherinae 4 10 1 2 1 10 2
OA Polychaeta Aricidea (Acmira) cerrutii 12 6 3 * 34 * 2 2 1
O,A,B Polychaeta Asabellides oculata * * 2 6 2 3 8
OA Polychaeta Brania wellfleetensis 10 3 5 * * *
@] Polychaeta Caulleriellasp. B 1 * * * 4 3 2
A Polychaeta Clymenella torquata * * 15
0] Polychaeta Hemipodus roseus 1 3 2 * 3 *

OA Polychaeta Hesionura elongata 1 1 1 3 24 * *

B Polychaeta Lumbrinerisfragilis * 1 *
AB Polychaeta Macroclymene zonalis * * 40

A Polychaeta Mediomastus ambiseta * * 1 4 3
@] Polychaeta Nephtys spp. * * 2 * 2 3 *
B Polychaeta Notocirrus spiniferus 1

A Polychaeta Paradoneis sp. B 7 % * *

OA Polychaeta Parapionosyllislongicirrata 4 3 1 1 1 * * 2
A Polychaeta Protodorvilleakefersteini 1 1 1 1

B Polychaeta Sigalion arenicola * * * *
O,A,B Polychaeta oio setosa * 3 1 104 7
O,A,B Polychaeta Spiophanes bombyx 7 2 1 1 * 1 1 4 * 797 26
0] Polychaeta Streptosyllis pettiboneae 2 1 2 = 3 *

B Gastropoda Busycon canaliculata *

B Gastropoda Nassarius trivittatus * * * 1 *
O,A,B Bivavia Astarte spp. 1 2 1 17 * 7 1
O,A,.B Bivavia Crenella glandula 1 1 6 3 * 1 2 *
B Bivalvia Ensisdirectus 2 * i
0] Bivalvia Lyonsia hyalina 1 * * * 1
O,A,B Bivavia Mytilus edulis * 2 10 * * 4 * 2 1
AB Bivalvia Nuculaspp. * 67 2 19

B Bivavia Pitar morrhuanus * 6 *
O,A,B Bivalvia Tellinaspp. 2 1 2 1 1 2 3B 4 5 5 1
OB Bivalvia Spisula solidissima 1 2 * * 1 *
0] Tanaidacea Tanaissus psammophilus 5 * 4 1 * * *
0] Cumacea Oxyurostylis smithi * * * * 1 1 =
6] Cumacea Pseudol eptocuma minor 1 * 1 1 1 =
@] I sopoda Chiridotea coeca * * 1 1 8 * * 3

B I sopoda Politolana concharum * 1 * 1 1 = * *
B Amphipoda Ampelisca spp. * * 14 %
O,A,B  Amphipoda Byblis serrata 2 * 100 * * 1

OA Amphipoda Protohaustorius wigleyi 1 * * 1 * 7 3 * 1
OA Amphipoda Pseudunciola obliquua 5 1 28 1 11
O,A,B  Amphipoda Unciolairrorata i1 2 3 * * 2 * 1 29 6
OB Cephalochordata Branchiostoma caribaeum — * * 1 2 * * * 1




Table 4.2.15.

Life history attribute summary for dominant taxa from the inner continental shelf off MD and DE.

Year Round
Recruitment | Spring/Summer Recr ui Fall/Winter
Major Group Species Name Preferred Substrate Feeding Mode Mobility Size (cm) | Spawns/Year Larval Mode Spawning Times LifeSpan Potential tment Potential Recr uitment Potential
| Amphipoda Ampelisca spp. Medium to Coarse Sand Suspension Tube Builder <1 Twice Brooding Spring/Summer Annual Poor Good Poor
| Amphipoda Byblis serrata Medium to Coarse Sand Suspension Tube Builder <1 Multiple Events Brooding Late Spring/Summer Annual Poor Good Poor
| Amphipoda Protohaustorius wigleyi Fine Sand Suspension Burrower <1 Multiple Events Brooding Late Spring/Summer Annual Poor Good Poor
| Amphipoda Pseudounciola obliquua Medium to Coarse Sand Suspension Tube Builder <1 Multiple Events Brooding Late Spring/Summer Annual Poor Good Poor
| Amphipoda Unciolairrorata Coarse to medium Sand Deposit/Suspension | Livesin tubes of other organisms <1 Once Brooding Spring/Early Summer Annual Poor Good Poor
Lecithotrophic (eggs atached to

Bivalvia Astarte spp. Muddy Fine Sand Deposit/Suspension Limited Mobility 3 Once substratum) Fal 20 years Poor Poor Good
Bivalvia Crenellaglandula Fine Sand Suspension Sessile 2 ? ? ? >1 ? ? ?

Bivalvia Ensis directus Medium to Fine Sand, Muddy Sand Suspension Limited Mobility 24 Multiple Events Planktonic ? >1 Good Good Good
Bivalvia Mytilus edulis Hard Substrates, Coarse Sand, Gravel Suspension Sessile 8 Once or Twice Planktonic Late Fall/Winter 7years Poor Poor Good
Bivalvia Nucula proxima Muddy Deposit Limited Mobility <1 ? Planktonic Late Summer/Early Fall >1 Poor Poor Good
Bivalvia Pitar morrhuanus Coarse to medium Sand Suspension Sessile 4 ? Planktonic ? >7 years ? ? ?

Bivalvia Spisula solidissima Coarse Sand Suspension Limited Mobility 18 Twice Planktonic Late Summer/Fall 23:!:;5 Good Good Good
Bivalvia Tellinaagilis Medium to Fine Sand, Muddy Sand Surface Deposit Limited Mobility 2 Twice Planktonic Spring/Fall 2Years Good Good Good
Cephalochordata |Branchiostoma caribasum Coarse to Fine Silty Sand Suspension Mobile 5 ? Planktonic ? ? Good Good Good
Cnidaria Anthozoa Coarse to Fine Sand Carnivore/Suspension Sessile 15 ? Asexual/Planktonic ? Annual? Poor Poor Poor
Cumacean Oxyurostylis smithi Fine Sand Suspension Burrower/Limited Moblity <1 Continuous Brooding Early Winter Annual Good Good Good
Cumacean Pseudol eptocuma minor Fine Sand Suspension Burrower/Limited Moblity <1 Continuous Brooding ? Annual Good Good Good
Gastropoda Busycon canaliculata Coarse to Muddy Fine Sand Carnivore Mobile 19 Once Direct Development ? >5years Good Good Good
Gastropoda Nassarius trivittatus Coarse to Fine Sand Scavenger Mobile 2 ? Direct Development ? >1 Good Good Good
|sopoda Chirodotea coeca Coarse to medium Sand ? Limited Mobility 2 ? Brooding ? ? ? ? ?

|sopoda Politolana concharum ? ? Limited Mobility <1 ? Brooding Winter/Early Spring ? Good Good Good
Nemertinea Nemertinea Coarse to Muds Carnivore Burrower 20 ? Direct Development/Planktonic ? Annual? Good Good Good
Oligochaeta Oligochaeta Coarse to Fine Sand, Muds Deposit Burrower/Interstitial <1 Continuous Direct Development Spring/Summer/Fall Annual Good Good Good
Polychaeta Aphelochaeta sp. ? Surface Deposit Tube Builder 2 Multiple Events Lecithotrophic eggs Spring/Summer ? Poor Good Poor
Polychaeta Aricideaspp. Muddy, Silty-Fine Sand Subsurface Deposit Burrower <1 ? Brooding ? ? Poor ? ?

Polychaeta Asabellides oculata Sand, Silty Sand Surface Deposit Tube Builder 1 Once Brooding Winter, Early Spring Annual Good Good Good
Polychaeta Braniawellfleetensis Muddy, Muddy Sandy Deposit Burrower 1 Once Brooding Fal ? Poor Poor Good
Polychaeta Hemipodus roseus Coarse Sand Carnivore Burrower 1 Once Planktonic ? ? Poor ? ?

Polychaeta Hesionura elongata Medium to Coarse Sand Carnivore Burrower 1 Once Planktonic ? ? Poor ? ?

Polychaeta Mediomastus ambiseta Muddy Fine Sand Deposit Tube Builder 3 Once Planktonic, Non-Feeding Late summer/fall Annual Poor Poor Good
Polychaeta Nephtys spp. Coarseto Very Fine Sand Carnivore/Omnivore Burrower 8 Twice Planktonic Spring/Fall 4Years Good Good Good
Polychaeta Paradoneis sp. B. Clean Sand, Muddy Sand Subsurface Deposit Burrower <1 ? Direct Development ? ? ? ? ?

Polychaeta Parapionosyllis longicirrata Muddy Sand, Shells ? Burrower <1 ? Brooding Fal ? Poor Poor Good
Polychaeta Protodorvillea kefersteini Coarse to Fine Sand Carnivore Burrower <1 Once Direct Development Summer/Late Fall ? Good Good Good
Polychaeta Spio Setosa Muddy Fine Sand Deposit/Suspension Tube Builder 1 Twice Broods Spring/Planktonic Fall Spring/Fall Annual Good Good Good
Polychaeta Spiophanes bombyx Fine Sand, Muddy Deposit/Suspension Tube Builder 1 Once Planktonic Late Summer Annual Poor Good Poor
Polychaeta Streptosyllis pettiboneae Medium Fine Sand Carnivore ? <1 Once Brooding Spring/Early Summer Annual Poor Good Poor




Table4.3-1

Fish collected in May 1999 at the four major benthic habitat types.
Data are the summed occurrence of species caught in eight trawls from each habitat.

Habitat

Fish NW

pd
(9]
m

Total

Ammodytes spp. 10
Anchoa mitchilli

Centropristis striata

Conger oceanicus

Cynoscion regalis

Enchelyopus cimbrius

Etropus microstomus

Mugil curema

Ophidion marginatum
Paralichthys dentatus

Prionotus carolinus

Prionotus evolans

Pseudopl euronectes americanus
Rajaeglantaria

Rajaerincea

Scomber scombrus

Scophthal mus aguosus
Stenotomus crysops
Syngnathus fuscus
Urophycisregia 21
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* NE — Northeast seaward flank of shoal
NW — Northwest shoreward face of shoal,
SE — Southeast seaward trough, surface dominated by Diopatra tubes
SW — Southwest shoreward trough, surface dominated by Asabellides tubes



Table 4.3-2

Invertebrates collected in May 1999 at the four major benthic habitat types.
Data are the summed occurrence of selected species caught in eight trawls from each habitat.
For most species only presence in the trawl was recorded (+).

Benthic Habitat Type
Invertebrate Taxa Shell& Gravel Diopatra Sand Asabellides Total

Hydroids +
Molluscs + + +
Loliginidae
Nudibranchs +
Littorina spp.
Busycon canaliculatum
Polinices spp. +
Astarte spp. + +
Ensisdirectus
Soisula solidissima +
Crustaceans +
Amphipods +
| sopoda
Limulus polyphemus
Euceramus sp.
Pagurusspp.
Crangon septemspinosa
Crab, Unknown
Libinia emarginata
Cancer irroratus
Ovalipes ocellatus
Dissidactylus mellitae
Pinnixa lunz
Pinnixa sp.
Hexanpanobeus angustifrons
Rhithropanopeus harrisii
Echinoderms
Asteriasspp.
Echinarachnius parma
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+

o
B+ 4+
o+ +

+ +

201
217

W ©Q
++ WWOO0OOBAN®O + + 1 ®
NWN PP R

+ + + OO0 O0OFRFLPNOMO + +
t++woNvoocodI8w+ +

+++PrPO0O0ORrPRO0COOC®OMO + +




Table 4.3-3

Summary of gut content by taxa for the three dominant demersal fish species trawled around

Fenwick Shoals. Gut content of al individual fish was summed for each species.

Fish Species
Major E. microstomus P.carolinus U. Regia
Taxa Species Number of guts 36 22 80 Total
Nemerteans Nemertinea Abundance 1 3 4
Wet Weight (g) 0.012 0.006 0.018
Polychaetes Ampharetidae Abundance 5 5
Wet Weight (g) 0.241 0.241
Nepthys sp. Abundance 2 2
Wet Weight (g) 0.033 0.033
Polychaeta Abundance 2 5 7
Wet Weight (g) 0.023 0.107 0.130
Soio setosa Abundance 1 1
Wet Weight (g) 0.019 0.019
Spionidae Abundance 1 1
Wet Weight (g) 0.006 0.006
Bivalves Bivalvia Abundance 2 2
Wet Weight (g) 0.025 0.025
Ensisdirectus Abundance 2 2
Wet Weight (g) 0.069 0.069
Gastropods Nudibranch Abundance 1 1
Wet Weight (g) 0.001 0.001
Cumacean Cumacea Abundance 1 1
Wet Weight (g) 0.001 0.001
Cyclapsisvarians Abundance 1 1
Wet Weight (g) 0.003 0.003
Oxyurostylus smithi Abundance 3 6 9
Wet Weight (g) 0.002 0.009 0.011
Pseudol eptocuma minor Abundance 5 18 1 24
Wet Weight (g) 0.009 0.029 0.002 0.040
Mysids Mysidacea Abundance 4 4
Wet Weight (g) 0.009 0.009
Neomysis americana Abundance 9 2 203 214
Wet Weight (g) 0.016 0.003 0.527 0.546
I sopods Politolana concharum Abundance 41 141
Wet Weight (g) 0.735 0.735
Amphipods Ampelisca sp. Abundance 20 12 3 65
Wet Weight (g) 0.324 0.085 0.268 0.677
Amphipoda Abundance 3 2 5
Wet Weight (g) 0.068 0.001 0.069
Byblis serrata Abundance 12 4 50 106
Wet Weight (g) 0.056 0.334 0.448 0.838
Corophiumsp. Abundance 3 3
Wet Weight (g) 0.006 0.006
Erichthoniusrubricornis  Abundance 1 1
Wet Weight (g) 0.006 0.006
Haustoriidae Abundance 4 1 5
Wet Weight (g) 0.007 0.007 0.014
Listriella barnardi Abundance 2 2
Wet Weight (g) 0.001 0.001



Table4.3-3  Continued.
Major Fish Species
Taxa Species E. microstomus P.carolinus U. Regia Total
Melita dentata Abundance 1 1 2
Wet Weight (g) 0.001 0.002 0.003
Melitasp. Abundance 1 1
Wet Weight (g) 0.002 0.002
Microdeutopus anomalus  Abundance 1 1
Wet Weight (g) 0.001 0.001
Monoculodesintermedius  Abundance 1 1
Wet Weight (g) 0.004 0.004
Monocul odessp. Abundance 1 1
Wet Weight (g) 0.001 0.001
Photidae Abundance 1 1
Wet Weight (g) 0.005 0.005
Pseudounciola obliquua Abundance 1 2 2 5
Wet Weight (g) 0.001 0.003 0.011 0.015
Rhepoxyinus hudsoni Abundance 1 1
Wet Weight (g) 0.001 0.001
Synchelidiumamericanum Abundance 4 1 5
Wet Weight (g) 0.002 0.001 0.003
Unciolairrorata Abundance 62 3H5 142 239
Wet Weight (g) 0.055 0.118 0.657 0.829
Decapods Cancer irroratus Abundance 8 48 3 59
Wet Weight (g) 0.036 0.242 0.012 0.290
Crab megal opae Abundance 17 27 37 81
Wet Weight (g) 0.043 0.058 0.075 0.176
Cragnon septemspinosa Abundance 12 33 2097 2177
Wet Weight (g) 0.105 0.768 11.230 12.102
Decapoda Abundance 1 1
Wet Weight (g) 0.006 0.006
Euceramus praelongus Abundance 1 1
Wet Weight (g) 0.150 0.150
Hermit crab megalopae Abundance 1 1
Wet Weight (g) 0.001 0.001
Pagarus longicarpus Abundance 2 2
Wet Weight (g) 0.182 0.182
Pagarussp. Abundance 2 1 3
Wet Weight (g) 0.032 0.031 0.063
Spider Crab Abundance 1 1
Wet Weight (g) 0.086 0.086
Unknown Shrimp Abundance 2 2
Wet Weight (g) 0.002 0.002
Echinoderms Holothroidae Abundance 1 1
Wet Weight (g) 0.003 0.003
Cephalochordate Branchiostoma caribieum  Abundance 1 1
Wet Weight (g) 0.046 0.046
Total Abundance 202 249 2642 3093
Total Wet Weight (g) 1.068 1.830 14.568 17.465




Table 4.4-1.
Sediment size classes estimated from SPI images collected in the MD/DE study area.

Grain Size Size
Year Station (mm) Phi  Sorting Interface Class Class Type Grade

BBO1 2.00 -1.0 csgr GR GR COARSE
BBO02 2.00 csgr GR GR COARSE
BBO3 2.00 csgr GR GR COARSE
BB04 1.00 gres VCS SAND COARSE
BB05 0.71 msgres  CS SAND COARSE
BB06 1.00 gres VCS SAND COARSE
BBO7 1.00 gres VCS SAND COARSE
FS01.5D 0.30 fams MS SAND MED
FSO1A 0.18 2.5 fs FS SAND FINE
FS01B 0.59 2.0 mscs Cs SAND COARSE
FSO1C 018 25 fs FS SAND FINE
FSO1ID  0.30 3.0 fams MS SAND MED
FSO1E 0.30 25 fsms MS SAND MED
FSO1F 0.30 2.5 fans MS SAND MED
FS01G 084 15 grmscs  CS SAND COARSE
FS02.5D 0.59 15 mscs Cs SAND COARSE
FS02A 0.18 3.0 fs FS SAND FINE
FS02B 0.59 2.0 mscs Cs SAND COARSE
FS02C 035 15 ms MS SAND MED
FS02D 0.8 2.5 fs FS SAND FINE
FSO02E 0.30 2.5 fams MS SAND MED
FSO2F 1.00 0.0 shgres  VCS SAND COARSE
FS02G 059 1.0 mscs Cs SAND COARSE
2.00 -1.0 csgr GR GR COARSE
FSO3A 0.35 2.0 ms MS SAND MED
FSO03B 0.15 3.0 vfsfs FS SAND FINE
FSO3C 059 15 mscs Cs SAND COARSE
FSO3CD 1.19 1.0 csves  VCS SAND COARSE
FSO3D 1.68 0.0 grves  VCS SAND COARSE
FSO3DE 0.30 2.0 fans MS SAND MED
FSO3E 0.15 3.0 visfs FS SAND FINE
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FSO3F 0.59 M-P shgrms-cs  CS SAND COARSE
FSO03G 015 3.0 w visfs FS SAND FINE
FS04.5D 1.00 -1.0 P grcs  VCS SAND COARSE
FSO4A 0.07 3.0 w sivfs  VFS SAND FINE
FS04B 0.09 3.0 VW vfs VFS SAND FINE
FS04C 0.09 3.0 w vfs VES SAND FINE
FS04D  0.59 1.0 M mscs CS SAND COARSE
FSO4E 0.30 1.0 M fsms MS SAND MED
FSO4F 15 P cslfs SAND MED
FS04G  0.09 2.5 W vfs VFS SAND FINE
FS05.5D 0.35 15 W ms MS SAND MED
FSO5A 0.42 1.0 M-P csms MS SAND MED
FS05B 0.18 2.5 w fs FS SAND FINE
FSO05C 0.42 15 P-M csms MS SAND MED
FSOSD 042 15 M-W csms MS SAND MED
FSO5E 0.84 1.0 M VCSCS CS SAND COARSE




Table 4.4-1. Continued.

Grain Size

Year Station (mm)
98  FSO5F 0.21
98  FS05G

98 FS06.5D 0.84
98  FSO06A 1.00
98  FS06B

98 FS06C 168
98 FSo6D 042
98  FSO6E 0.15
98  FSO06F 0.30
98 FS06G 042
98 FS07.5D 1.00
98  FSO7A 0.15
98 FS07AB 0.11
98 FSO7B 0.11
98 FSO7BC 0.11
98 FSO07C  1.00
98 FS07CD 1.00
98 FSO/TD 084
98 FSO7DE 050
98  FSO7E 0.11
98  FSO7EF

98  FSO7F 0.30
98 FSO7FG 1.00
98 FS07G 042
98 FS08.5D 0.59
98  FS08A 0.30
98  FS08B 0.18
98 FS08C 141
98 FS08D  1.00
98  FSO8E 0.42
98  FSO08F 0.35
98  FS08G

98 FS09.5D 0.21
98  FS09A 0.30
98 FS09AB 0.0
98  FS09B 0.50
98 FS09BC 1.00
98 FS09C  0.59
98 FSMRCD 0.30
98 FS09D 015
98 FS09DE 0.15
98  FSO09E 0.06
98  FSO09EF 021
98  FSO09F 0.25
98  FS09FG 1.19
98 FS09G 042
98 FS10.5D 042

Phi

2.0
4.0
1.0
-1.0
2.0
-1.0
0.0
3.0
2.0
0.0
0.5
3.0
3.0
3.0

0.5
0.5
0.5
1.0
2.5
35
2.0
-1.0
1.0
1.0
2.0
15
0.5
-1.0
15
15
0.0
2.0
2.0
15
0.0
-1.0
1.0
2.0
3.0
3.0
4.0
2.0
2.0
1.0
15
1.5

Sorting Interface Class

VW
MW
M
P-M
M-W
M
M-W
W
M-W
M
P-M
W
W-VW
VW
W-VW
P-M
P
M
M-W
W-VW
W
M-W
M
W-VW
M
M-W
W
VP-P
P-M
W
M-W
P/M
W-VW
M
P-M
M
M-W
W-VW
W-VW
W-VW

W-VW
M-W
P-M

M-W
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msfs
ms/si
grms-cs
shgrcs
mg/sicl
grves
csms
vfsfs
fsms
csms
grcs
vfsfs
fsvfs
fsvfs
fsvfs
grcs
grcs
VCSCS
vesms
fsvfs
fsvfs/si
fsms
grcs
csms
mscs
fsms
fs
gres-ves
grcs
csms
ms
shgr/ms
msfs
fsms
shms-cs
shms-cs
gres
mscs
fsms
vfsfs
vfsfs
clsivfs
msfs
fs-cs
grms-vcs
csms
csms

Size
Class
FS

VCS

VCS
MS
FS
MS
MS
VCS
FS
VFS
VFS
VFS
VCS
VCS

MSCS
VES

MS
VCS
MS
CS
MS
FS
VCS
VCS
MS
MS

FS
MS
MSCS
MSCS
VCS
CS
MS
FS
FS
SIFS
FS
MS
VCS
MS
MS

Type
SAND
MIXSM
SAND
SAND
MIXSM
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
MUD
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
MIXGS
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
MUD
SAND
SAND
SAND
SAND
SAND

Grade
FINE
FINE
COARSE
COARSE
FINE
COARSE
MED
FINE
MED
MED
COARSE
FINE
FINE
FINE
FINE
COARSE
COARSE
COARSE
COARSE
FINE
FINE
MED
COARSE
MED
COARSE
MED
FINE
COARSE
COARSE
MED
MED
CF
FINE
MED
COARSE
COARSE
COARSE
COARSE
MED
FINE
FINE
FINE
FINE
MED
COARSE
MED
MED




Table 4.4-1. Continued.
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Grain Size

(mm)
FS10A 0.59
FS10B 0.59
FS10C 0.84
FS10D 0.30
FS10E 0.84
FS10F 0.59
FS10G 0.30
FS11.5D 0.59
FS11A 0.18
FS11AB 042
FS11B 0.35
FS11BC 0.84
FS11C 0.84
FS11CD 0.50
FS11D 0.35
FS11DE 0.30
FS11E 1.00
FS11EF 0.59
FS11F 0.21
FS11FG 0.07
FS11G 0.18
FS12.5D 0.30
FS12A 0.35
FS12B 0.71
FS12BC 1.00
FS12C 0.59
FS12CD 1.00
FS12D 0.59
FS12DE 0.30
FS12E 0.30
FS12EF 0.71
FS12F 0.84
FS12FG 0.42
FS12G 0.09
FS12GG 0.71
FS13.5D 0.71
FS13A 0.35
FS13B
FS13C 1.00
FS13D
FS13E 0.42
FS13F 0.42
FS13G 0.30
FS14A 0.30
FS14B 0.84
FS14C 0.35
FS14D 0.35
FS14E 0.30
FS14F 0.84
FS14G 0.30

Phi

1.0
0.0
1.0
2.0
15
-1.0
2.0
1.0
2.5
1.0
15
15
1.0
15
15
2.0
-1.0
1.0
25
4.0
2.5
2.5
2.0
15
-0.5
2.0
1.0
2.0

1.0
1.0
2.0
35
1.0
1.0
1.0
0.5
-1.0
1.0

1.0
15

15

1.0
2.0

Sorting Interface Class Class

P
P
P
w
P-M
P-M
M
M
M
M
P-M
P
P-M
M
M-W
M-W
P
M
W-VW
W
VW
M
P-M
M
VP-P
M
P-M
M-W
W
M-W
M
P-M
M
W

P

M
VP-P
P-M
M
M
M-W
M-W
VP-P
M-W
M-W
VW
P-M
M-W
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Size
mscs CSs
shgrms-cs CS
gmscs CS
fsms MS
gmscs CS
mscs CS
fsms MS
mscs CS
shfs FS
csms MS
ms MS
gmscs CS
gmscs CS
vesms MSCS
ms MS
fsms MS
grcs  VCS
mscs CS
msfs FS
sivfs VFS
fs FS
fsms MS
ms MS
msves CS
gres VCS
mscs Cs
grcs  VCS
mscs (O
fsms MS
fsms MS
mswvcs CS
gmscs CS
csms MS
vfs VFS
msves CS
cs CSs
ms MS
ms-cs
shgres  VCS
cs/ms
cams MS
cams MS
fsms MS
fams MS
gmscs CS
ms MS
ms MS
fsms MS
gmscs CS
fsms MS

Type
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND

Grade
COARSE
COARSE
COARSE

MED
COARSE
COARSE

MED
COARSE

FINE

MED

MED
COARSE
COARSE
COARSE

MED

MED
COARSE
COARSE

FINE

FINE

FINE

MED

MED
COARSE
COARSE
COARSE
COARSE
COARSE

MED

MED
COARSE
COARSE

MED

FINE
COARSE
COARSE

MED
COARSE
COARSE

MED

MED

MED

MED

MED
COARSE

MED

MED

MED
COARSE

MED




Table 4.4-1. Continued.

Grain Size

Year Station (mm)
98 HCs31

98 IRO1C 168
98 IRO1E

98 IR025C 200
98 IR02B 2.38
98 IR02C 0.71
98 IR02D 1.68
98 IRO2E 168
98 IR03.5C 0.59
98 IR0O3B

98 IR03C 2.38
98 IR0O3D

98 IRO3E 2.38
98 IR04.5C 238
98 IR04B 1.00
98 IR04BC 168
98 IR04C 2.83
98 IR0ACD 168
98 IR04D 2.00
98 |IRO4DE 168
98 IRO4E 1.00
98 IR05.5C 1.00
98 IR05B 2.00
98 IRO5C 1.00
98 IR05D 0.35
98 IRO5E

98 |IR06.5B

98 IR06.5C 059
98 IR065D 1.00
98 IR06B 2.38
98 IR06C

98  IR0O6D

98 IRO6E 0.30
98 IR07.5B 0.59
98 IR07.5C 0.59
98 IR07.5D 2.38
98 IR0O7B

98 IRO7C 2.83
98 IRO7D 0.59
98 IRO7E

98 IR085B 1.00
98 IR08.5C 200
98  IR08.5D

98  IRO8A 2.00
98 IROBAB

98 IR08B 1.00
98 IROBBC 141
98 IR0O8C 0.71

Phi

Sorting Interface Class
fssi/cl
grves

csgr
vesgr
cs
grves
grves
mscs
or(si)
vesgr
gr/cs
vesgr
vesgr
grcs
grvcs
gr
grves
csgr
grves
grcs
grcs
csgr
grcs
ms

gri/sics
mscs
grcs
vesgr
or(si)
gr/csves
shfsms
mscs
mscs
vesgr
gr/mscs
or
mscs
gr/csves
grcs
csgr
or(si)
csgr
gr/csves
grcs
gresves
cs

Size
Class

VCS

GR
GR

VCS
VCS

GR

GR
GR
VCS
VCS
GR
VCS
GR
VCS
VCS
VCS
GR
VCS
MS

CS
VCS
GR

MS
CSs
CS
GR

GR
CS

VCS
GR

GR
VCS

VCS
CS

Type
MUD
SAND

GR
GR
SAND
SAND
SAND
SAND
MIXGM
GR
GR
GR
GR
SAND
SAND
GR
SAND
GR
SAND
SAND
SAND
GR
SAND
SAND

MIXGM
SAND
SAND

GR
MIXGM
GR
SAND
SAND
SAND
GR
GR
GR
SAND
GR
SAND
GR
GR
GR
GR
SAND
SAND
SAND

Grade
FINE
COARSE

COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
CF
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
MED

CF
COARSE
COARSE
COARSE

CF
COARSE

MED
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE
COARSE




Table 4.4-1. Continued.

Grain Size

Year Station (mm)
98 IR08CD 0.71
98  IR08D 0.84
98  IR09A 1.00
98 IR09B 0.84
98 IR09C 0.84
98  IR09D

98 SBB04 021
98 SBB09 200
98 SBB10 042
98 SBB32 084

Phi

Sorting Interface Class Class

cs
VCSCS
VCsgres
grveses
grvescs
ves(si)
msfs
csgr
csms
VCsCS

Size

CS
CS
VCS
CS
CS

FS
GR
MS
CS

Type
SAND
SAND
SAND
SAND
SAND
MIXGM
SAND
GR
SAND
SAND

Grade
COARSE
COARSE
COARSE
COARSE
COARSE

CF

FINE
COARSE

MED
COARSE




Table 4.9-1
Estimated secondary production of macroinfaunal for 1998 grab data.

Nemertieans  Polychaete  Gastropods I sopods Crustaceans Phoronids

Station Anemonies  Oligochaeta Bivalves Amphipods  Sipunculids Cepholo. Total

BB02 016 002 147 032 023 001 023 002 2.46
BBO4 0.07 090 055 0.02 0.24 0.07 178
FS01G 0.08 3265 001 1256 004 097 033 002 0.02 46.60
FS02.5D 0.01 0.09 001 067 115 001 193
FSo02C 091 002 011 005 002 378 265 080 0.03 106 4257
FSO3E 029 154 002 0.10 194
FS04C 0.33 530 014 711 7355 028 012 86.51
FSO4E 0.02 001 005 0.08 0.12 0.26
FS06C 016 002 309 089 033 852 002 004 001 1.99 14.89
FS06D 0.02 005 007 002 472 012 022 5.20
FS07B 765 025 063 245 030 279 0.05 0.02 14.14
FSO7F 0.03 0.08 0.02 357 001 046 4.14
FS08B 0.05 2.90 001 004 042 010 0.02 3.49
FS08C 0.02 340 004 038 714 0.03 0.07 11.06
FS08D 016 003 065 0.27 104 001 0.02 0.14 214
FSO8E 002 001 001 o001 002 007 0.56 0.02 0.69
FS09A 041 0.08 0.25 185 0.02 0.85 347
FS09B 0.08 028 0.07 008 020 052 011 125
FS09C 001 0.02 002 065 062 132
FS09D 0.10 134 012 0.05 151
FS10.5D 0.02 0.07 015 0.24
FS10A 0.10 177 0.02 094 0.02 2.75
FS10B 020 001 069 0.8 0.08 109 0.05 2.09
FS11C 0.09 058 010 005 084 1.07 2.64
FS12B 0.12 146 0.04 0.01 0.02 0.04 157
FS12C 003 002 012 010 0.02 0.04 0.02 0.10 0.40
FS12E 0.01 0.01 034 0.19 0.53
FS12F 0.08 036 0.06 073 001 101 2.18
FS13A 0.07 026 0.01 0.16 0.08 0.52
FS13C 015 005 583 012 007 005 032 0.04 0.13 6.56
FS13E 028 121 0.23 172
FS13F 030 002 008 0.13 004 014 017 004 0.61
FS14A 0.23 188 042 055 015 021 0.9 3.30
FS14D 0.03 0.32 020 0.01 057
FS14E 0.01 006 0.01 071 017 0.95
FS14F 0.34 039 011 0.03 004 011 0.68
FS14G 0.01 050 007 068 0.03 1.28
HCS31 204 36.13 007 1230 0415 059 0.09 0.48 49.81
IR02B 0.16 124 008 001 012 001 0.01 0.22 170
IR02C 0.24 140 024 078 002 0.02 2.46
IR02D 0.13 202 0.06 9.20 0.02 0.02 11.33
IR04B 0.02 165 002 0.52 0.36 0.03 2,57
IR0O4D 128 001 001 002 006 008 004 151
IRO4E 0.01 88 023 089 008 020 136 0.03 11.63
IR05.5C 0.62 112 0.08 141.05 081 0.27 143.33
IROSD 468 002 001 15401 020 005 001 001 0.2 159.02
IRO7C 0.03 738 001 0.05 0.22 0.3 7.69
IRO7E 032 0.02 003 001 022 001 0.62
IR0O8B 015 0.02 050 067 015 0.02 151
IR08C 0.02 127 241 001 0.30 3.99
IRO9A 004 032 062 0.02 0.08 0.02 0.06 0.79
IR09C 0.16 040 0.63 9.41 0.16 10.59
Total 7.5 05 1424 58 246 4715 108 222 15 0.3 0.7 46 6923

% Total 11 0.1 206 0.8 35 681 1.6 32 02 0.0 0.1 0.7 100.0




Table 4.9-2
Estimated secondary production for 1999

Nemertieans  Polychaete Gastropods Isopods Crustaceans Phoronids

Station Anemonies  Oligochaeta Bivalves Amphipods  Sipunculids Cepholo. Total

FS02C 566 006 041 020 5295 007 061 54.25
FSO3E 061 001 033 001 192 2.89
FS04C 2860 004 004 2792 1.36 57.96
FSO4E 013 0.56 0.62 0.14 144
FS06C 017 020 053 004 079 012 0.21 1.69
FS06D 008 0.02 083 001 083 177
FSO7B1  0.21 20.76 068 215 28.62 6.72 021 59.14
FSO07B2  0.09 1850 025 377 344 318 011 0.45 29.70
FS07B3 003 010 2224 040 043 11.35 7.06 0.02 0.01 41.51
FS08D 027 033 28 019 015 172 002 0.08 4.97
FSO8E 007 002 023 238 002 032 3.05
FS09B 0.29 09 076 005 145 016 234 012 5.78
FS10B 0.07 174 002 5.08 6.52 0.29 13.64
FS11C 0.08 069 012 021 077 023 2.03
FS12B 0.30 033 0.01 299 0.04 0.28 3.66
FS12C 0.17 023 007 187 021 0.03 0.23 2.65
FS12E 0.01 005 082 011 0.16 0.13 127
FS12F 0.08 012 001 012 202 043 0.14 2.85
FS13C 0.21 028 005 023 367 205 0.10 0.46 6.83
FS13F 0.01 1.02 008 139 0.29 0.40 318
Total 7.6 0.7 993 2.7 7.6 1477 1.3 362 0.9 0.0 0.5 4.0 308.6

% Total 25 02 322 0.9 25 479 04 117 0.3 0.0 0.1 1.3  100.0




Table 4.9-3

Average annual secondary production of macroinfaunal for 1998 grab data production.

Nemertieans  Gastropods  Oligochaeta I sopods Crustaceans  Sipunculids Total
Station Anemonies Bivalves Polychaete =~ Amphipods Phoronids  Cepholochord.
BB02 016 0.02 023 032 147 001 023 002 2.46
BBO4 0.07 002 055 0.90 024 0.07 1.85
FS01G  0.08 1256 004 001 3265 097 033 002 002 46.68
FS02.5D 0.01 0.01 0.09 067 115 001 1.95
FS02C 328 004 011 4540 005 026 136 070 003 106 5230
FSO3E 0.61 015 093 002 101 272
FS04C  0.33 358 50.74 009 1695 028 0.74 72.70
FSO4E  0.02 009 032 001 0.37 0.14 0.95
FSO6C 017 011 033 466 046 181 007 004 001 110 8.75
FSO6D  0.02 002 277 004 007 007 052 352
FSO7B 011 010 137 846 035 14.08 030 422 008 024 001 29.31
FSO7F  0.03 357 002 0.08 001 046 417
FS08B  0.05 0.01 2.90 004 042 010 002 354
FSO8C  0.02 038 714 004 340 0.03 0.07 11.08
FS0O8D 022 018 015 138 023 173 002 0.2 0.11 4.04
FSOBE 002 001 023 120 002 004 005 04 0.02 2.03
FS09A 025 008 041 18 0.02 0.85 347
FS09B  0.19 005 076 042 059 018 143 o011 373
FS09C 002 002 001 065 0.62 132
FS09D  0.10 012 134 0.05 1.62
FS10.5D 0.02 0.07 015 0.24
FSI0A  0.10 002 177 094 0.02 2.84
FS10B 014 001 258 010 122 380 017 8.01
FS11C  0.09 005 053 011 064 0.77 0.65 2.83
FS12B  0.21 001 003 0.90 151 004 0.28 2,97
FS12C 010 0.02 095 009 0.8 013 0.2 0.16 1.65
FS12E  0.01 005 058 0.01 011 017 0.13 1.06
FS12F  0.08 012 138 004 024 001 072 0.14 2.73
FS13A  0.07 001 0.26 016 0.08 0.59
FS13C 018 005 015 18 008 3.06 118 0.07 0.29 6.92
FS13E 0.28 121 023 172
FSI3F 016 002 008 071 013 055 014 023 004 0.40 2.46
FS14A  0.23 055 042 188 015 021 0.09 354
FS14D 0.32 0.03 020 0.01 057
FS14E  0.01 0.01 0.06 071 017 0.97
FS14F 034 003 011 0.39 004 011 1.02
FS14G  0.01 0.50 007 068 0.03 1.29
HCS31 204 1230 007 3613 015 059 009 048 51.85
IRO2B  0.16 001 012 008 124 001 0.01 0.22 1.86
IRO2C 024 078 024 140 002 0.02 271
IR02D 0.13 920 006 202 002 0.2 11.47
IRO4B  0.02 052 002 165 036 0.03 2.59
IR0O4D 001 002 001 128 006 008 004 151
IRO4E 0.01 089 008 023 885 020 136 0.03 11.64
IR05.5C 0.62 141.05 008 112 081 027 143.95
IROSD 0.01 154.01 0.02 4.68 020 005 001 002 001 159.02
IRO7C  0.03 005 001 7.38 022 003 7.73
IRO7E 002 032 003 001 001 022 0.62
IR0O8B 050 002 015 067 015 0.02 151
IROBC  0.02 241 001 127 0.30 4.01
IRO9A 004 032 008 0.02 0.62 0.02 0.06 115
IRO9C  0.16 941 063 040 0.16 10.76
Total 10.1 09 226 4660 55 1585 102 294 17 0.9 0.3 59 7120
%Tota 1.4 0.1 32 654 0.8 223 14 41 0.2 0.1 005 08 100.0




Table 4.9-4
Gut content by major taxonomic group for fishes trawled at the four habitat areas around
Fenwick Shoal. Areas around Fenwick Shoal are: NE — northeast seaward flank of shoal,
NW — northwest shoreward face of shoal, SE — southeast seaward trough, surface dominated
by Diopatra tubes, and SW — southwest shoreward trough, surface dominated by Asabellides
tubes.

Fish Fish Length Major Total Wet Weight
Area* Species (mm) Group Number (9)
NE Etropus microstomus 52.4 Amphipod 2 0.001

Decapod 2 0.002
Mysid 1 0.003
Total 0.006
57.7 Amphipod 14 0.007
Decapod 7 0.009
Total 0.016
64.8 Amphipod 4 0.003
Decapod 1 0.001
Total 0.004
50.7 Empty
55.0 Empty
56.0 Empty
62.0 Empty
62.5 Empty
65.2 Empty
71.7 Empty
82.2 Empty
Prionotus carolinus 555 Amphipod 10 0.034
Decapod 2 0.007
Total 0.041
55.2 Empty
Urophycisregia 450 Mysid 4 0.005
Total 0.005
48.1 Mysid 1 0.006
Nemertean 1 0.001
Total 0.007
56.0 Mysid 1 0.004
Total 0.004
57.8 Mysid 1 0.001
Total 0.001
61.8 Decapod 1 0.001
Total 0.001
62.6 Amphipod 2 0.006
Decapod 1 0.003
Mysid 2 0.005
Total 0.014
65.0 Amphipod 1 0.008
Decapod 6 0.012
Mysid 4 0.014
Total 0.034
67.1 Amphipod 3 0.013
Cumacean 1 0.002
Decapod 7 0.017

Total 0.032



Table 4.9-4. Continued.

Fish Fish Length Major Total Wet Weight
Area* Species (mm) Group Number (9)
NE U.regia 70.3 Amphipod 3 0.016

Total 0.016

71.2 Amphipod 2 0.003

Polychaete 1 0.006

Total 0.009

72.2 Decapod 1 0.004

Mysid 1 0.001

Total 0.005

76.3 Amphipod 2 0.011

Total 0.011

Amphipod 1 0.005

Decapod 2 0.023

Mysid 2 0.006

Total 0.034

78.7 Decapod 2 0.003

Mysid 2 0.009

Total 0.012

96.3 Amphipod 1 0.001

Decapod 6 0.046

Mysid 3 0.013

Total 0.060
34.0 Empty
734 Empty

NW E. microstomus 41.6 Amphipod 3 0.002

Cumacean 1 0.003

Decapod 1 0.003

Total 0.008
49.8 Empty
51.2 Empty
54.4 Empty
545 Empty
55.0 Empty
56.2 Empty
60.8 Empty
61.5 Empty
67.4 Empty
715 Empty

P. carolinus 47.0 Decapod 1 0.001

Total 0.001

51.5 Amphipod 1 0.001

Total 0.001

56.6 Amphipod 1 0.003

Total 0.003

62.1 Amphipod 2 0.010

Decapod 4 0.009

Mysid 1 0.001

62.1 Unknown . 0.004

Total 0.024

65.6 Amphipod 3 0.031

Total 0.031



Table 4.9-4. Continued.

Fish Fish Length Major Total Wet Weight
Area* Species (mm) Group Number (9)
NW P. carolinus 74.8 Amphipod 1 0.008

Decapod 4 0.021
Total 0.029
200.0 Amphipod 45 0.371
Bivalve 1 0.015
Cumacean 1 0.003
Decapod 15 0.035
Total 0.424
525 Empty
57.0 Empty
66.3 Empty
66.5 Empty
U. Regia 67.5 Decapod 1 0.002
Mysid 20 0.056
Total 0.058
68.3 Mysid 12 0.038
Unknown . 0.004
Total 0.042
SE E. microstomus 68.5 Amphipod 5 0.002
Cumacean 5 0.006
Decapod 13 0.011
Unknown . 0.001
Total 0.019
69.8 Amphipod 1 0.001
Decapod 4 0.011
Polychaete 1 0.009
Total 0.021
72.8 Amphipod 3 0.002
Cephalochordate 1 0.046
Decapod 10 0.020
Mysid 1 0.005
Unknown . 0.001
Total 0.074
77.5 Amphipod 2 0.005
Decapod 2 0.019
Mysid 1 0.003
Total 0.027
86.0 Amphipod 25 0.020
Decapod 19 0.071
Gastropod 1 0.001
Mysid 6 0.005
Total 0.097
98.0 Amphipod 9 0.060
Cumacean 1 0.001
Decapod 2 0.002
Polychaete 3 0.049

Total 0.111



Table 4.9-4. Continued.

Fish Fish Length Major Total Wet Weight
Area* Species (mm) Group Number (9)
SE E. microstomus 103.8 Amphipod 13 0.130

Decapod 3 0.013
Polychaete 1 0.019

Total 0.162

105.0 Amphipod 10 0.064
Decapod 1 0.004
Echinoderm 1 0.003
Nemertean 1 0.012
Polychaete 1 0.044

Total 0.127

117.3 Amphipod 3 0.053
Cumacean 1 0.001
Polychaete 1 0.065
Unknown 0.008

Total 0.127

124.9 Amphipod 5 0.089
Decapod 6 0.057
Polychaete 2 0.123
Unknown 0.048

Total 0.317

P. carolinus 50.3 Decapod 2 0.002
Mysid 1 0.002

Total 0.004

56.5 Decapod 2 0.005
Total 0.005

66.0 Amphipod 2 0.002
Decapod 5 0.008
Unknown 0.008

Total 0.017

67.5 Amphipod 4 0.007
Cumacean 8 0.009
Decapod 7 0.026

Total 0.042

130.0 Amphipod 6 0.028
Cumacean 13 0.025
Decapod 6 0.017
Unknown . 0.033

Total 0.103

140.0 Amphipod 1 0.001
Decapod 7 0.130

Total 0.131

200.1 Amphipod 18 0.073
Bivalve 1 0.054
Cumacean 2 0.003
Decapod 23 0.165
Unknown . 0.041

Total 0.336

200.2 Amphipod 1 0.050
Cumacean 2 0.002
Decapod 26 0.226

Total 0.278



Table 4.9-4. Continued.

Fish Fish Length Major Total Wet Weight
Area* Species (mm) Group Number (9)
SE U. Regia 42.6 Decapod 1 0.001

Total 0.001

50.3 Amphipod 1 0.002
Total 0.002

50.7 Amphipod 1 0.006
Mysid 8 0.023
Total 0.029

51.1 Mysid 4 0.007
Total 0.007

57.3 Amphipod 1 0.001
Total 0.001

59.1 Decapod 1 0.003
Mysid 1 0.006
Total 0.009

64.5 Decapod 2 0.001
Mysid 1 0.003
Total 0.004

68.0 Amphipod 20 0.186
Decapod 84 0.340
Mysid 16 0.042
Total 0.568

72.5 Decapod 1 0.020
Total 0.020

76.6 Decapod 3 0.017
Total 0.017

77.0 Amphipod 1 0.010
Decapod 2 0.013
Mysid 4 0.014
Total 0.037

84.5 Amphipod 2 0.016
Decapod 8 0.035
Mysid 2 0.018
Total 0.069

107.0 Amphipod 4 0.003
Decapod 6 0.059
Polychaete 1 0.072
Total 0.134

110.2 Decapod 1 0.011
Total 0.011

119.0 Amphipod 2 0.002
Decapod 40 0.115
Mysid 13 0.016
Total 0.133

155.2 Decapod 6 0.226
Isopod 7 0.023

Total 0.249



Table 4.9-4. Continued.

Fish Fish Length Major Total Wet Weight
Area* Species (mm) Group Number (9)
SW E. microstomus 90.0 Amphipod 1 0.004

Polychaete 1 0.007
Total 0.011
68.0 Empty
118.0 Empty
120.0 Empty
P. carolinus 160.0 Decapod 10 0.447
Total 0.447
U. Regia 46.0 Decapod 1 0.008
Total 0.008
Decapod 21 0.019
480 Mysid 1 0.002
Total 0.021
50.0 Decapod 9 0.019
Mysid 2 0.006
Total 0.025
59.0 Decapod 8 0.013
Mysid 8 0.019
Total 0.032
60.0 Decapod 16 0.050
Total 0.050
67.0 Amphipod 3 0.013
Decapod 40 0.116
Total 0.129
67.6 Amphipod 1 0.005
Total 0.005
69.0 Decapod 2 0.001
Mysid 6 0.007
Total 0.008
70.0 Decapod 4 0.065
Mysid 2 0.003
Total 0.068
70.1 Amphipod 2 0.006
Decapod 22 0.050
Total 0.056
72.0 Amphipod 2 0.001
Decapod 1 0.005
Mysid 1 0.001
Nemertean 1 0.001
Total 0.007
73.0 Amphipod 2 0.004
Decapod 3 0.009
Mysid 10 0.038
Total 0.051
75.0 Decapod 6 0.006
Mysid 1 0.002
Unknown . 0.013

Total 0.021



Table 4.9-4. Continued.

Fish Fish Length Major Total Wet Weight
Area* Species (mm) Group Number (9)
SW U. Regia 75.1 Amphipod 2 0.004

Decapod 46 0.108
Mysid 2 0.009

Total 0.121

80.0 Amphipod 1 0.001
Decapod 5 0.036
Mysid 3 0.004

Total 0.041

80.1 Decapod 21 0.036
Mysid 3 0.010

Total 0.046

82.0 Mysid 6 0.020
Unknown . 0.008

Total 0.028

82.3 Amphipod 6 0.013
Decapod 128 0.411
Mysid 3 0.007
Unknown . 0.008

Total 0.439

83.0 Amphipod 3 0.009
Decapod 24 0.107
Mysid 4 0.005

Total 0.121

85.0 Decapod 14 0.027
Unknown . 0.019

Total 0.046

85.1 Decapod 1 0.008
Total 0.008

106.5 Amphipod 6 0.018
Decapod 97 0.351
Mysid 6 0.025

Total 0.394

110.0 Amphipod 2 0.002
Decapod 26 0.076

Total 0.078

110.1 Amphipod 2 0.003
Decapod 16 0.135

Total 0.138

120.0 Decapod 9 0.016
Mysid 4 0.009
Unknown . 0.012

Total 0.037

145.0 Amphipod 1 0.012
Decapod 40 0.155

Total 0.167

150.0 Amphipod 1 0.004
Decapod 12 0.185

Total 0.189



Table 4.9-4. Continued.

Fish Fish Length Major Total Wet Weight
Area* Species (mm) Group Number (9)
SW U. Regia 150.1 Amphipod 9 0.063

Decapod 85 0.377

I sopod 1 0.003
Mysid 18 0.036

Total 0.479

160.0 Amphipod 46 0.403
Decapod 110 0.588
Isopod 6 0.023
Mysid 13 0.023

Total 1.037

160.1 Amphipod 10 0.095
Decapod 193 1.070

Total 1.165

165.0 Amphipod 3 0.028
Decapod 26 0.042

I sopod 1 0.002
Mysid 1 0.001

Total 0.073

170.0 Amphipod 20 0.077
Decapod 53 0.573
Isopod 2 0.044

Total 0.694

170.1 Decapod 111 0.755
Isopod 2 0.057

Total 0.812

170.2 Amphipod 13 0.058
Decapod 169 1.015
Isopod 3 0.070
Polychaete 1 0.004

Total 1.147

170.3 Amphipod 5 0.018
Decapod 4 0.058
Polychaete 1 0.002

Total 0.078

175.0 Amphipod 8 0.050
Decapod 112 0.664
Isopod 1 0.035
Mysid 3 0.008

Total 0.757

180.0 Amphipod 1 0.009
Decapod 14 0.041
Mysid 1 0.001
Nemertean 1 0.005
Unknown . 0.129

Total 0.185

180.1 Amphipod 10 0.053
Decapod 192 1.250
Isopod 4 0.028
Polychaete 1 0.003

Total 1.334



Table 4.9-4. Continued.

Fish Fish Length Major Total Wet Weight
Area* Species (mm) Group Number (9)
SW U. Regia 185.0 Amphipod 15 0.061

Decapod 194 0.847
I sopod 5 0.106
Mysid 2 0.002
Total 1.016
200.0 Amphipod 6 0.029
Decapod 111 0.913
Isopod 4 0.070
Mysid 5 0.012
Polychaete 1 0.026
Total 1.050
205.0 Bivalve 1 0.005
Decapod 10 0.398
I sopod 4 0.209
Total 0.612
210.0 Amphipod 12 0.088
Bivalve 1 0.020
Decapod 4 0.032
Total 0.140
215.0 Decapod 1 0.150
Isopod 1 0.065
Unknown . 0.197
Total 0.412
65.1 Empty
73.0 Empty

884 Empty




Table 4.9-5
Annual P/B ratios of macroinfaunafrom the MD/DE study area

Nemertieans Oligochaeta Gastropods Isopods Crustaceans Sipunculids
Station Anemonies Polychaete Bivalves Amphipods Phoronids  Cepholochordates
BBO02 7.8 6.2 8.9 4.6 4.0 7.4 7.3 8.5
BBO4 9.1 9.1 4.1 5.4 35 8.5
FSO01G 4.2 7.4 34 0.6 9.0 3.9 4.9 8.5 8.5
FS02.5D 7.4 4.8 6.4 5.2 33 7.4
FSo02C 2.3 84 133 34 5.4 1.2 5.7 33 7.8 2.2
FSO3E 2.1 5.7 4.1 8.0 2.7
FSo4aC 3.6 9.6 24 34 21 7.9 6.1
FSO4E 6.2 7.4 4.0 3.6 3.8 35
FS06C 5.6 8.2 8.2 3.6 2.9 3.2 6.5 6.5 7.4 2.9
FS06D 12.2 8.8 5.1 5.4 2.7 5.9 2.8
FS07B 6.4 4.0 8.4 2.7 2.6 3.3 4.7 3.7 5.7 8.7 7.4
FSO7F 7.2 8.5 4.6 2.0 7.4 4.3
FS08B 6.6 2.1 7.4 7.1 6.6 4.8 8.5
FS08C 6.2 111 2.6 2.1 2.5 7.2 5.5
FS08D 6.3 6.6 8.2 3.9 4.1 2.2 6.8 6.2 3.8
FSO8E 6.2 7.4 8.3 4.7 4.2 5.6 5.3 34 8.5
FS09A 10.3 4.1 5.7 4.1 6.2 1.9
FS09B 5.7 7.9 4.3 4.1 3.9 4.1 4.4 75
FS09C 8.5 5.3 5.4 3.9 29
FS09D 5.2 9.7 3.0 6.6
FS10.5D 4.4 4.4 4.1
FS10A 8.0 111 3.9 4.5 9.9
FS10B 5.4 7.4 8.7 3.6 3.3 3.8 5.2
FS11C 5.5 7.9 4.1 4.1 34 2.0 3.2
FS12B 5.4 8.4 34 6.4 7.8 9.3 34
FS12C 7.8 6.2 8.6 5.5 3.7 4.8 8.2 3.8
FS12E 7.4 5.3 4.1 2.2 3.8 4.0 3.6
FS12F 6.5 7.7 3.6 4.7 25 7.4 2.7 35
FS13A 5.9 7.4 4.1 5.5 6.9
FS13C 7.0 6.0 111 3.1 3.8 35 4.1 8.6 3.2
FS13E 2.8 21 4.3
FS13F 7.4 8.5 8.4 4.2 4.8 6.1 4.2 48 101 25
FS14A 7.3 7.6 4.0 2.9 4.1 3.7 5.5
FS14D 5.0 2.7 4.2 7.4
FS14E 7.4 7.4 5.8 2.0 3.9
FS14F 4.3 8.9 4.1 7.5 6.5 7.1
FS14G 7.4 2.3 4.4 3.9 7.2
HCS31 2.8 9.3 2.5 2.1 6.1 4.1 5.9 4.0
IR02B 6.7 9.7 3.1 6.4 6.5 7.4 7.4 3.0
IR02C 6.8 8.6 4.2 35 9.9 8.5
IR02D 6.7 8.1 34 1.6 6.2 6.2
IR04B 6.2 8.5 2.0 2.7 3.8 7.2
IR04D 7.4 21 7.4 8.0 4.7 5.1 5.2
IRO4E 7.4 9.5 24 31 6.3 4.6 4.2 7.2
IR05.5C 3.1 9.5 2.9 0.4 2.4 34
IROSD 104 2.8 6.4 0.4 4.6 8.2 7.4 8.5 7.4
IRO7C 8.7 7.4 1.7 4.1 5.0 7.2
IRO7E 104 35 7.8 7.4 7.4 3.6
IR08B 104 4.0 2.3 2.5 34 8.5
IR0O8C 9.9 3.0 11 6.4 5.6
IRO9A 5.2 2.7 9.9 3.3 5.5 8.5 6.2
IR09C 6.7 8.7 4.3 0.9 3.3
Average 6.5 6.5 8.9 3.7 4.0 3.9 5.2 4.9 7.2 7.6 6.2 3.1
D 1.8 1.8 13 1.0 1.7 2.1 2.0 1.6 15 1.6 1.6 0.6
Min 2.3 2.7 7.4 1.7 0.6 0.4 2.0 2.7 3.3 4.0 3.6 1.9
Max 12.2 85 133 5.8 7.4 9.0 9.9 85 101 8.7 7.4 3.8

Median 6.5 6.6 8.6 3.7 4.1 3.3 4.7 4.3 7.4 8.5 7.2 3.2




Table 4.9-6

Relationship between P/B ratio and sediment type for the May 1998 grab data. Based on
discriminant analysis of sediment grain-size categories and major taxa P/B ratios. A
total of 48 stations were classified, four stations did not have grain-size data.

CS = coarse sand, FS = fine sand, GR = gravel, MU = mud.

Original
Sediment Predicted Sediment Group Membership
Group CS FS GRCS GRFSGRMUCSMUCS MUFS Tota
Cs Stations 14 1 1 0 0 0 0 16
% 87.5 6.2 6.2 0 0 0 0 100
FS Stations 1 10 0 0 0 0 0 1
% 9.1 909 0 0 0 0 0 100
GRCS Stations 1 0 12 0 0 0 0 13
% 7.7 0 92.3 0 0 0 0 100
GRFS Stations 0 0 0 2 0 0 0 2
% 0 0 0 100 0 0 0 100
GRMUCS Stations 0 0 0 0 1 0 0 1
% 0 0 0 0 100 0 0 100
MUCS Stations 0 0 0 0 0 2 0 2
% 0 0 0 0 0 100 0 100
MUFS Stations 0 0 0 0 0 0 3 3
% 0 0 0 0 0 0 100 100
Total Stations 16 1 13 2 1 2 3 48
% 33.3 229 271 4.2 2.1 4.2 6.3 100



Table 4.10-1
Average abundance (individuals/nt) of selected taxa (occurring at five or more stations) by
cluster subgrouping for the MD/DE study area.

Cluster Analysis Subgroups

A A A" B B' C D D' D" E E
CNIDARIA
Anthozoa 13 43 0 130 0 0 0 0 25 4 0
NEMERTINEA
Nemertinea 286 254 75 155 242 8 43 31 30 129 5
ANNELIDA
Oligochaeta 960 632 38 950 650 0 111 128 15 1054 395
Spiophanes bombyx 172 61 25 15 8 3 14 108 5 19918 650
Aricidea (Acmira) cerrutii 299 146 75 10 858 0 7 56 0 57 35
Aricidea (Acmira) catherinae 108 246 13 0 12 0 0 22 0 261 45
Parapionosyllislongicirrata A 71 25 20 3 0 0 6 0 4 40
Aphelochaeta sp. 188 25 13 0 33 0 4 8 0 46 5
Brania wellfleetensis 260 71 125 0 8 0 0 3 0 0 5
Hesionura elongata 24 21 13 80 600 0 0 6 5 0 0
Hemipodus roseus 31 63 3 5 67 0 0 3 0 0 0
Nephtys spp. 6 11 50 0 0 0 4 50 0 75 10
Asabellides oculata 3 7 33 0 0 0 150 56 0 832 200
Soio setosa 8 79 13 0 0 0 0 0 0 2589 170
Caulleriellasp. B 24 4 0 0 8 0 4 A 0 64 60
Streptosyllis pettiboneae 43 21 50 5 75 0 0 8 0 0 0
Glycera americana 13 21 0 20 0 0 0 6 0 32 0
Protodorvilleakefer steini 29 282 13 30 0 0 0 0 0 0 0
Parougia caeca 14 82 0 0 8 0 0 0 0 0 0
Mediomastus ambiseta 0 4 0 5 0 0 14 0 0 1093 70
Tharyx acutus 25 57 0 0 0 0 0 0 0 122 35
Amphar ete finmarchica 13 7 0 10 0 0 0 8 5 11 15
Pisione remota 14 125 0 85 75 0 0 0 0 0 0
Paradoneis sp. B 175 4 0 5 8 0 0 0 0 0 0
Paradoneissp. A 24 25 0 20 0 0 0 6 0 0 0
Lumbrinerides dayi 14 0 0 0 17 0 0 3 0 4 0
Polycirrus eximius 0 11 0 15 0 0 0 0 0 0 330
Sgalion arenicola 4 0 0 0 0 0 0 3 10 4 0
Glycera dibranchiata 0 4 0 0 0 0 4 3 0 7 25
Amastigos caperatus 0 4 0 0 0 0 0 14 0 111 0
Macroclymene zonalis 0 0 0 5 0 0 7 0 0 993 0
Shenelaislimicola 3 0 0 0 0 0 18 0 0 11 0
Lumbrinerisfragilis 0 4 0 0 0 0 0 17 0 0 10
Monticellina baptisteae 39 0 0 0 217 0 0 0 0 0 5
Travisia parva 3 7 0 100 0 0 0 3 0 0 5
Sabaco elongatus 0 0 0 0 0 0 0 0 0 32 35
Clymenellatorquata 0 4 0 0 0 0 4 0 0 364 0
Ancistrosyllis hartmanae 0 25 0 0 0 0 0 0 0 4 0
Paraonisfulgens 10 0 25 5 0 8 0 6 0 0 0
Polydora cornuta 0 0 0 0 0 0 0 3 0 282 0
Apoprionospio pygmaea 0 0 0 0 0 0 7 0 5 1696 0
Notomastus spp. 0 7 0 0 0 0 0 3 0 7 0
GASTROPODA
Natica pusilla 10 14 0 30 8 0 0 0 0 11 0
Nassarius trivittatus 0 4 0 0 0 0 7 3 0 18 5
Turbonilla interrupta 0 0 0 0 0 4 0 0 46 35




Table 4.10-1. Continued.

Cluster Analysis Subgroups

A A A" B B' C D D' D" E E
BIVALVIA
Tellina spp. 43 14 38 20 25 42 896 97 120 1311 25
Crenella glandula 14 29 0 410 67 0 4 0 20 50 5
Astarte spp. 29 46 13 425 0 0 0 3 18 25 0
Mytilus edulis 6 50 0 250 8 0 4 111 5 57 15
Spisula solidissima 13 0 0 45 8 0 4 14 0 0 5
Lyonsia hyalina 19 4 0 5 0 0 0 3 0 29 0
Nucula spp. 3 0 0 0 0 0 1682 53 0 471 0
Ensisdirectus 0 0 33 0 0 0 0 3 0 29 5
Pleuromeristridentata 1 0 0 215 25 0 0 6 0 4 0
Pitar morrhuanus 0 7 0 0 0 0 0 0 0 143 5
Crassinella martinicensis 1 0 0 25 0 0 0 3 0 0 5
Bushia elegans 1 7 0 45 0 0 0 0 0 0 0
CRUSTACEA
Unciolairrorata 15 46 63 10 0 8 39 15 718 145
Protohaustorius wigleyi 21 7 0 5 33 0 11 175 85 7 15
Tanaissus psammophilus 115 7 100 15 0 8 7 0 0 0 10
Chiridotea coeca 7 4 0 35 17 208 4 3 70 0 0
Byblis serrata 57 4 2488 5 0 0 0 1 15 0 0
Pseudunciola obliquua 117 18 700 0 0 0 0 19 0 282 0
Pseudol eptocuma minor 14 0 0 5 17 0 0 14 0 18 10
Oxyurostylis smithi 4 4 0 0 8 8 0 19 0 18 5
Palitolana concharum 3 0 0 35 8 25 32 6 5 0 5
Rhepoxynius hudsoni 15 4 13 0 0 0 0 28 0 4 0
Ampelisca spp. 0 0 0 0 0 0 0 3 5 346 10
Americhelidiumamericanum 11 4 0 0 0 0 0 3 5 0 0
Edotea triloba 1 18 0 0 0 8 150 0 0 104 10
Parahaustorius holmesi 0 0 0 20 17 0 7 3 10 0 0
Parahaustorius longimerus 17 0 0 0 0 158 0 0 0 0 0
Bathyporeia parkeri 13 0 0 0 0 17 0 3 0 4 5
PHORONIDA
Phoronissp. 0 0 0 0 0 0 7 22 0 157 15
SIPUNCULA
Sipuncula 0 0 0 0 0 0 0 6 0 4 25
ECHINODERMATA
Leptosynapta tenuis 4 11 0 70 0 0 0 0 5 0 0
CEPHALOCHORDATA

Branchiostoma caribaeum 8 11 25 40 0 8 4 3 15 0 0




Table5.3-1.

Scenarios depicting the effect of season and climatology on infaunal recolonization trajectory.
Faunal characteristics favored by the combinations season and climate are listed in each cell of
the table.

Season When Sandmining is Conducted

Climateimmediately after | Spring/Summer Fall/Winter

mining

Stormy/Ener getic

Transport of small to large
individualsinto and out of
mined area

Dispersal of organic matter
and fine sediments
Dispersal of individuals form
mass recruitment events
Lower potentia for shiftin
community structure
Recolonization rate
intermeidate

Production lowered

Transport of small to large
individualsinto and out of
mined area

Dispersal of organic matter
and fine sediments
Physical and physiological
stresshighest, sensitivelife
history stages eliminated
Recolonization slowed to
lowest rate

High potential for delay of
community structure
recovery

Production at |lowest point

Calm/Quiescent

Deposition of water column
primary production

Fine sediments accumulate i